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PREFACE TO VOLUME IL 


Tux present volume completes my treatise on Compara- 
tive Embryology. The first cleven chapters deal with the 
developmental history of the Chordata, These are followed 
by three comparative chapters completing the section of the 
work devoted to Systematic Embryology. The remainder 
of the treatise, from Chapter XIV. onwards, is devoted 
to Organogeny. For the reasons stated in the introduction 
to this part the organogeny of the Chordata has been 
treated with much greater fulness than that of the other 
groups of Metazoa, 

My own investigations huve covered the ground of the 
present volume much more completely than they did that 
of the first volume; a not inconsiderable proportion of the 
facts recorded having been directly verified by me. 


The very great labour of completing this volume has 
been much lightened by the assistance I have received from 
iny friends and pupils. Had it not been for their co-opera- 
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tion a large number of the disputed points, which I have 
been able to investigate during the preparation of the work, 
must have been left untouched. 

My special thanks are due to Mr Sedgwick, who has 
not only devoted a very large amount of time and labour to 
correcting the proofs, but has made for me an index of this 
volume, and has assisted me in many other ways. 

Dr Allen Thomson and Professor Kleinenberg of Mes- 
sina have undertaken the ungrateful task of looking through 
my proof-sheets, and have made suggestions which have 
proved most valuable. To Professors Parker, Turner, and 
Bridge, I am also greatly indebted for their suggestions 
with reference to special chapters of the work. 
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EMBRYOLOGY. 


CHAPTER I. 


CEPHALOCHORDA. 


Tae developmental history of the Chordata has been studied far 
more completely than that of any of the groups so far considered ; 
and the results which have been arrived at are of striking interest 
and importance. Three main subdivisions of this group can be re- 

ized : (1) the Cephalochorda containing the single genus Am- 
phioxus; (2) the Urochorda or Tunicata; and (3) the Vertebrata’. 
The members of the second and probably of the first of these groups 
have undergone degeneration, but at the same time the members 
of the first group especially undergo a less modified development 
than that of other Chordata, 


CEPHALOCHORDA. 


Our knowledge of the development of Amphioxus is mainly due 
to Kowalevsky (Nos. 1 and 2). The ripe eggs appear to be debisced 
into the branchial or atrial cavity, and to be transported thence 
through the branchial clefts into the pharynx, and so through the 
seute: to the exterior. (Kowalevsky, x . I, and Marshall, No. 5.) 

When laid the egg is about 07105 mm. in diameter. It is in- 
vested by a delicate membrane, and is somewhat opaque owing to the 
presence of yolk granules, which are however uniformly distributed 
through it, and proportionately less numerous than in the ova of most 


1 The term Vertebrate is often used to include the Cephalochorda, It is in many 
ways convenient to restrict its use to the forms which have at any rate some in- 
dications of vertebra; a restriction which has the farther convenience of restoring to 
the term its original limitations. In the first volume of this work the term Craniata 
was used for the forms which I now propose to call Vertebrata. 
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3 FORMATION OF THE LAYERS. 


Chordata, Imp tion is external and the segmentation is nearly 
regular (fig. 1). small segmentation cavity is visible at the stage 





Fio. 1. Tue Sxommyrartox or Astrmtoxos, (Copied from Kowalevaky.) 
A. Stage with two equal sogmenta. 
B. Stage with four equal segments. * 
a. Stage after the four segments have beoome divided hy an equatorial furrow 
D, Stage in which a single layer of cells encloses a central segmentation cavity, 
E, Somewhat older stage in optical section. 


with four segments, and increases during the remainder of the seg- 
mentation ; till at the close (fig. 1 E) the embryo consists of a blasto~ 
sphere formed of a single layer of cells enclosing a large segmenta- 
tion cavity, One side of the blastosphere next becomes invaginated, 
and during the process the embryo becomes ciliated, and commences 
to rotate. The cells forming the invaginated layer become ually 
more columnar than the remaining cells, and constitute the hypo- 
blast; and a structural distinction between the epiblast and hypo- 
blast is thus established. In the course of the invagination the | 
segmentation cavity becomes gradually obliterated, and the embryo 
first assumes a cup-shaped form with a wide blastopore, but soon 
becomes elongated, while the communication of the archenteron, or 
cavity of invagination, with the exterior is reduced to a small blasto- 
pore (fig. 2 A), placed at the pole of the long axis which the sub- 
sequent development shews to be the hinder end of the embryo. 
The blastopore is often known in other Chordata as the anus of 
Rusconi. Before the invagination is completed the larva throws off 
the brane, and commences to lead a free existence. 

p to this stage the larva, although it has acquired a cylindrical 
elongated form, has only the structure of a simple two-layered gas- 
trula; but the changes which next take place give rise on the one 
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hand to the formation of the central nervous system, and on the 
other to the formation of the notochord and mesoblastic somites’. 
er 


wmation of the central nervous system commences with the 
flattening of the dorsal surface of the embryo. The flattened area 
forms a plate (fig. 2 B and fig. 3 A, np), extending backwards to the 
which has in the meantime passed round to the dorsal 

surface, The sides of the plate become raised as two folds, which 
are most prominent posteriorly, and meet behind the blastopore, but 
shade off in front. two folds next unite dorsally, so as to convert 
the previous groove into a canal’—the neural or medullary canal. 
‘They unite first of all over the blastopore, and their line of junction 


(0 


* Fao, 2, Esmavos or Asrmoxvs, (After Kowalersky.) 

‘The parts in black with white Hinos are epiblastic; the shaded parts are hypoblastic. 
section. 
the nenral plate np has become differentiated, seen ax 

‘older larva in optical section. 

larva with the neural canal completely closed except 

t object from the side, 

becomes in D the neurenteric canal); ne. nourenteric can: 
plate; no. anterior opening of neural canal; ¢/, notoch 
metoblastic somites, 









from this point forwards (fig. 20, D, E). There is in this 
ed a tube on the floor of which the blastopore opens behind, 
in front, Finally the medullary canal is 


P h is itself open 
ed for the whole length of the embryo. ‘The anterior opening 
ts | for some time. The communication between the 
. of most embryologists will be spoken of as mesobinstic somites. 


of this process are spoken of % 
i—2 





4 MEDULLARY CANAL. 


neural and alimentary tracts becomes interrupted when the caudal 
fin Sree and the anus is formed. The neural canal then 
extends round the end of the notochord to the ventral side, but 
subsequently retreats to the dorsal side and terminates in a slight 
dilatation. 

In the formation of the medullary canal there are two points 
deserving notice—viz, (1) the connection with the blastopore ; (2) the 
relation of the walls of the canal to the adjoining epiblast. With 
reference to the first of these points it is clear that the fact of 
the blastopore opening on the floor of the neural canal causes a 
free communication to exist between the archenteron or gastrala 
cavity and the neural canal; and that, so long as the anterior pore 
of the neural canal remains open, the archenteron communicates 
jnairoods with ro exterior (wide fig. 2 E). It must aie haxeyee 

st (as has been done by some embryologists) that the 
at ies of the neural Pal Sea the blasts are 
forwards. It is even probable that what Kowalevsky describes as 
the carrying of the blastp to the dorsal side is really the com- 
mencement of the formation of the neural canal, the walls of which 
are continuous with the lips of the blastopore. This interpretation 
receives support from the fact that at a later stage, when the 
neural and alimentary canals become separated, the neural canal 
extends round the posterior end of the notochord to the ventral side. 
The embryonic communication between the neural and alimentary 
canals is common to most Chordata; and the tube connecting them 
will be called the neurenteric canal, It is always formed in 
fundamentally the same manner as in Amphioxus. With reference 
to the second point it is to be noted that Amphioxus is exceptional 
amongst the Chordata in the fact that, before the closure of the 
groove, the layer of cells which will form the neural tube becomes com=- 
pletely separated from the adjoining epiblast (fig. 3 A), and forms a 
structure which may be spoken of as the medullary plate ; and that 
in the closure of the neural canal the lateral epiblast forms a complete 


G00 


‘Fro, 3. Sections or ax Aurutoxvs xunyo ar Tamex araoxs, (After Kowalevaky.) 

B. Section of an em! ightly younger than that represented in fig. 2D. 

G Section through the antorior part of an embryo at the lage represented in 
e- 


up. nenral plate; nc. nenral canal; mes, archenteron mosenteron 
$9.01 che mokcctierdy se. memBlants tonitey nn and 
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layer above this plate before the plate itself is folded over into a 
closed canal. This peculiarity will be easily understood from an 
examination of fig. 3 A, B and C. 

The formation of the mesoblastic somites commences, at about 
the same time as that of the neural canal, as a pair of hollow 
outgrowths of the walls of the archenteron. These outgrowths, 
which are shewn in surface view in fig. 2 B and D, 80, and in section 
in fig. 3 B and C, so, arise near the front end of the body and gra- 
dually extend backwards as wing-like diverticula of the archenteric 
cavity. As they grow backwards their dorsal part becomes divided b 
transverse constrictions into cubical bodies (fig. 2 D and E), which, wit! 
the exception of the foremost, soon cease to open into what may now 
be called the mesenteron, and form the mesoblastic somites. Each 
mesoblastic somite, after its separation from the mesenteron, is con- 
stituted of two layers, an inner one—the splanchnic—and an outer 
—the somatic, and a cavity between the two which was originally 
continuous with the cavity of the mesenteron. Eventually the dorsal 
parts of the outgrowths become separated from the ventral, and form 
the muscle-plates, while their cavities atrophy. ‘The cavity of the 
ventral part, which is not divided into separate sections by the above 
described constrictions, remains as the true body cavity. The ventral 
part of the inner layer of the mesoblastic outgrowths gives rise to the 
muscular and connective tissue layers of the alimentary tract, and the 
dorsal part to a section of the voluntary muscular system. The ventral 
part of the outer layer gives rise to the somatic mesoblast, and the 

lorsal to a section of the voluntary muscular system. The anterior 
mesoblastic somite long retains its communication with the mesenteron, 
and was described by Max Schultze, and also at first by Kowualevsky, 
as a glandular organ. While the mesoblastic somites are becoming 
formed the dorsal wall of the mesenteron develops a median longi- 
tudinal fold (fig. 3 B, ch), which is gradually separated off from before 
backwards as a rod (fig. 3 C,ch), underlying the central nervous 
system. This rod is the notochord. After the separation of those 
parts the remainder of the hypoblast forms the wall of the mesen- 
teron. 

With the formation of the central nervous system, the mesoblastic 
somites, the notochord, and the alimentary tract the main systems of 
organs are established, and it merely remains briefly to describe the 
general changes of form which accompany the growth of the larva 
into the adult. By the time the larva is but twenty-four hours 
old there are formed about seventeen mesoblastic somites. The 
body, during the period in which these are being formed, remains 
cylindrical, but shortly afterwards it becomes pointed at both ends, 
and the caudal fin appears. The fine cilia covering the larva also 
become replaced by long cilia, one to each cell. The mesenteron is 
still completely closed, but on the right side of the body, at the level 
of the front end of the mesenteron, the hypoblast and epiblast now 
grow together, and a perforation becomes formed through their point 


BRANCHIAL CAVITY. 


of contact, which becomes the mouth. The anus is probably formed 
Ov orknenere ee Se HS oa wee 
subsequent changes two most important are 
formation of the gill slits or clefts; 12) the formation of as goa 
branchial or atrial cavity. 
‘The formation of the gill slits is, xccording to Kowalevsky's description, 
petri te = ippose that his observations were 





viz. the side retiree A second and apparently a third slit are 
formed in the same way. The stages immediately follo were not ob- 
Se re ent cage teste sigiwete, essai 2 one 
sortegeslanks pedpengehgsin line, There now 
(Aomaciteped mouth, and the same therefore as that origi: 
ihn we dt mtr of eh set ih nei sro a 
original clefts over to the sume side as the month. Each of 
vices mamma into two, which form the permanent clefts of their 


og gill slits at first open freely to the exterior, but during their 
formation two lateral folds of the body wall, containing a proleaeiaed 
of the body cavity, make their i destaees (fg. 4 A), and grow 
wards over the gill clefts, and finally meet and coalesce along the 





Fu. 4. Secriows THROCON TWO ADVANCED RuBKTOS OF AurutoxUs To BHEW THR 
FORMATION OF THE PRMIBKANCHIAL caviry, (After Kowalovsky.) 


In A are two folds of th wall with a prolongation of the a 
air iin apo finda Napa taleosd etal estos Sree inne eich oa 
cleft is seen to open. 

mer, mesenteron; orc. branchial cavity; mp. body cavity. 


ventral line, leaving a widish cavity between themselves and the body 
wall. Into this cavity, which is lined by epiblast, the gill clefts open 
(fig. £ B, br.c), This eavity—which forms a true peribranchial cavity— 
is completely closed in front, but owing to the folds not uniting 
completely behind it remains in communication with the exterior by 
an opening known as the atrial or abdominal pore. 


BI al pay eda Seeley, apt agenesis 
proving that the mouth represents symmetry of the 
Piguss l wooh that no great otro onu, think, bela oa te potion ofthe south 
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The vascular system of Amphioxus appears at about the same 
time as the first visceral clefts. 
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4 MEDULLARY CANAL. 


extends round the end of the notochord to the ventral side, but 
subsequently retreats to the dorsal side and terminates in 
dilatation, 

Tn the formation of the medullary canal there are two points 
deserving notice—viz, (1) the connection with the Hanne the 
relation of the walls of the canal to the adjoining epiblast. With 
reference to the first of these points it is clear that the fact of 
the blastopore opening on the floor of the neural canal causes a 
free communication to exist between the archenteron or gastrala 
cavity and the neural canal; and that, so long as the anterior pore 
of the neural canal remains open, the archenteron communicates 
indirectly with the exterior (vide fig. 2 E). It must not however 


be su) (as has been done by some embryologists) that the pore 
at the front end of the neural canal represents the blas' carried 
forwards. It is even ble that what Kowalevsky ibes as 


the carrying of the blastopore to the dorsal side is really the com- 
mencement of the formation of the neural canal, the walls of which 
are continuous with the lips of the blastopore. This interpretation 
receives support from the fact that at a later stage, when the 
neural and alimentary canals become separated, the neural canal 
extends round the posterior end of the notochord to the ventral side. 
The embryonic communication between the neural and alimentary 
canals is common to most Chordata; and the tube connecting 

will be called the neurenteric canal. It is always formed in 
fundamentally the same manner as in Amphioxus, With reference 
to the second point it is to be noted that Amphioxus is exceptional 
amongst the Chordata in the fact that, before the closure of the neural 
groove, the layer of cells which will form the neural tube becomes com=- 
pletely separated from the adjoining epiblast (fig. 3 A), and forms a 
structure which may be spoken of as the medullary plate ; and that 
in the closure of the neural canal the lateral epiblast forms a complete 
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6 BRANCHTAL CAVITY. 


of contact, which becomes the mouth. The anus is probably formed 
Es ge ae aan aa eg . AY 
subsequent changes two most important are 
formation of the gill slits or clefts; (2) the formation of the peri- 
branchial or atrial cavity, 
The formation of the gill slita is, according to Kowalevsky's description, 
#0 peculiar that one is almost tempted to that his observations were 


line a coalescence between the epiblast and hypoblast. Here an ing is 
formed, and a visceral cleft is thus establish rhich passes to the left aide, 


formied in the same way. ‘The stages immediately following were not ob- 
served, but in the next stage twelve slits were present, no however 
on the left side, but in the median ventral line. There now on the 


pete becomes divided into two, which form the permanent clefts of their 


The gill slits at first open freely to the exterior, but during their 
formation two lateral folds of the body wall, containing a p i 
of the body cavity, make their aj ranee (fig. 4 A), and grow n- 
wards over the gill clefts, ghd finally sient and coalesce along the 





Fi. 4, Skorioss tamovem Two Apyaxexp xacunros or Awrinoxus TO sw THE 
PORMATION oy THE ruaremaxcimaL cavrry, (After Kowaleveky.) 
In A are seen two folds of the body wall with a prolongation of the body € 
In B the two folds have coalesced ventrally, forming  earity into which « 
cleft is seen to open, 
sex, mmeeenteron; br.c. branchial cavity; yp. body cavity. 


ventral line, leaving a widish cavity between themselves and the body 
wall. Into this cavity, which is lined by epiblast, the gill clefts open 
(fig. 4 B, br.c), This eavity—which forms a true peribranchial cavity— 
is completely closed in front, but owing to the. folds not uniting 
completely behind it remains in communication with the exterior by 
an opening known as the atrial or abdominal pore. 
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The vascular system of Amphioxus appears at about the same 
time as the first visceral clefts. 
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CHAPTER II. 


UROCHORDA'. 


In the Solitaria, except Cynthia, the eggs are generally laid, and 
impregnation is effected sometimes before and sometimes after the 
eggs have left the atrial cavity. In Cynthia and most Caduci- 
chordata development takes place within the body of the parent, 
and in the Salpidw a vascular connection is established between the 
parent and the single fostus, forming a structure physiologically com- 
parable with the Mammalian placenta, 

Solitaria. The development of the Solitary Ascidians has been 
more fully studied than that of the other groups, and appears moreover 
to be the least modified. It has been to a great extent elucidated 
by the splendid researches of Kowalevsky (Nos. 18 and 20), whose 
statements have been in the main followed in the account below. 
Their truth seems to me to be established, in spite of the scepticism 
they have met with in some quarters, by the Gloseness of their cor- 
respondence with the developmental phenomena in Amphioxus. 

The type most fully investigated by Kowalevsky is Ascidia 
(Phallusia) mammillata; and the following description must be 
taken as more especially applying to this type. 

The segmentation is complete and regular. A small segmentation 
cavity ap fairly early, and is surrounded, according to Kowalevsky, 
bya sing le layer of cells, though on this point Kupffer (No. 27) and 
Giard (No. 11) are at variance with him. 


1 ‘The following classification of the Urochorda is adopted in the present chapter. 
I. Caducichordata. 
Solitaria ex. Ascidia. 


A. Stupuicia pany ex. Clavellina. 
Sodentaria ez. Botryllus 
Natantia ex, Pyrowma. 
Salpide. 

Doliolide. 


B. Composrra 


C. Conwenta 


1 Perennichordate. 
Ex. Appendicularia. 
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becomes narrowed; while at the same time the embryo becomes 
oval. The blastopore is situated not quite at a pole of the oval but 
i iti sequent development shews to be on the 
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neeti . The original medullary folds fall 
into one another behind the pore, #0 that the blastopore is 
‘situated on the floor of the groove, and, on the conversion of the 


Opa _ The above are repre- 
sented in longitudinal section in fig. 
8 mL, 2. er the eral canal 4 Be 
completed for its whole it sti 
; ii pple oath ith Fw... Teassvaese orrteat 
; SECTION OF TRE TAIL OF AN XM- 

mayo oy PHAravsiA MAMMILDATA. 
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‘The section is from an embryo 
of the same nge as fig. 8 rv. 
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10 NOTOCHORD. 


The cells of the dorsal wall of the archenteron immediately 
adjoining the front and sides of the blastopore have in the mean- 
time assumed a somewhat different character from the remaining 
cells of the archenteron, and give rise to a body which, when 
viewed from the dorsal surface, has somewhat the form of a 
horseshoe, This body was first observed by Metschnikoff. On the 
elongation of the embryo and the narrowing of the blastopore the 
cells forming this body arrange themselves as a broad linear cord, 
two cells wide, underlying about the posterior half of the neural 
canal (fig. 7, ch). They form the rudiment of the notochord, which, 
as in Amphioxus, is derived from the dorsal wall of the archenteron. 
‘They are seen in longitudinal section in fig. 8 11, and 111. ch. 

With the formation of the notochord the body of the embryo 
becomes divided into two distinct regions—a posterior region where 
the notochord is present, and an anterior region into which it is not 
prolonged. These two regions correspond with the tail and the 
trunk of the embryo at a slightly later stage. The section of the 
archenteric cavity in the trunk dilates and constitutes the permanent 
mesenteron (figs. 7,a/, and 8 111, and rv. dd). It soon becomes shut off 

from the slit-like posterior part of the 

= archenteron, The nervous system in this 

part also dilates and forms what may be 
called the cephalic swelling (fig. 8 IV.), 
and the pore at its anterior extremity. 
pately narrows and finally disappears, 
n the region of the tail we have seen 
that the dorsal wall of the archenteron 
becomes converted into the notochord, 
which immediately underlies the posterior 
fe of the medullary canal, and soon 
comes an elongated cord formed of a 
single or double row of flattened cells. 
The lateral walls of the archenteron 
(fig. 7, me) in the tail become converted 
into elongated cells arranged longitudi- 

Fw. 7 Ovrtcat sxortox or nally, which form powerful lateral muscles 
ax eumnyo or Puatvets wax- (fig 8 IV. m). After the formation of the 
waara, (After Kewilevsky.) |, notochord and of the lateral muscles 
a rae neon a longite: there remains of the archenteron in the 
inal horizontal nection tail only the ventral wall, which accord- 

al. alimentary tract in anterior ing to Kowalevsky forms a simple cord 
part of body; eh, notochord; me of cells (fig. 6, al). It is however not 
an 9g always present, or elso has escaped the 
attention of other observers. It is stated by Kowalevsky to be 
eventually transformed into blood corpuscles. The neurenteric canal 
Jeads at first into the narrow space between the above structures, 
which is the remnant of the posterior part of the lumen of the 
archenteron, Soon both the neurenteric canal and the caudal rem- 
nant of the archenteron become obliterated. 
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12 THE TEST. 


During the above changes the tail becomes considerably elongated 
and, owing to the larva being still in the egg-shell, is bent over to 
the ventral side of the trunk. 

‘The larva at this stage is represented in a side view in fig. 8 rv. 
The epidermis is formed throughout of a single layer of cells. In 
the trunk the mesenteron is shewn at dd and the digted part of the 
nervous system, no longer communicating with the exterior, at n. 
Tn the tail the notochord is shewn at ch, the muscles at m, and the 
solid remnant of the ventral wall of the archenteron at dd’. The 
delicate continuation of the neural canal in the tail is seen above the 
notochord at n. .An optical section of the tail is shewn in fig. 6. 
It is worthy of notice that the notochord and muscles are formed 
in the same manner as in Amphioxus, except that the process 
is somewhat simplified. The mode of disappearance of the archen- 
teric cavity in the tail, by the employment of the whole of its walls 
in the formation of various organs, is so peculiar, that I feel some 
hesitation in accepting Kowaleysky’s statements on this head’. 

The larva continues to grow in dent and the tail becomes 
further curled round the ventral side of the body within the egg- 
membrane. Before the tail has nearly reached its full length the test 
becomes formed as a cuticular deposit of the epiblast cells ( eee 
No, Cet No. 37). It sppears first in the tail and gradually 
extends till it forms a complete investment round both tail and 
trunk, and is at first totally devoid of cells. Shortly after the 
establishment of the test there grow out from the anterior end of the 
body three peculiar papille, developed as simple thickenings of the 
epi is, At a later stage, after the hatching of the larva, these 
papillae develop glands ot their extremities, secreting a kind of 
glutinous fluid", After these papillae have become formed cells first 
make their appearance in the test; and there is simultaneously 
formed a fresh inner cuticular layer of the test, to which at first the 
cells are confined, though subsequently they are found in the outer 
layer also, On the appearance of cells in the test the latter must be 

as a form, though a very abnormal ono, of connective tissue. 
m the tail of the larva has reached a very considerable le 
the egg-membrane bursts, and the larva becomes free. The hatching 
takes place in Asc. canina about 48—60 hours after impregnation. 
The free larva (fig. 8 v.) has a swollen trunk, and a very long tail, 
which soon becomes straightened out, It has a striking ples SS 
toa reo (wide fig, 10). 

In the free larval condition the Ascidians have in many respects 

a higher organization than in the adult state. It is accordingly 


2 It is more probable that this part of the alimentary tract ix equivalent to the 
gut of many Vertebrata, whieh is at first a complete tube, but disappears 
ter by the simple absorption of the walls. 
#18 in probable hal these popille are very primitive o 8 of the Chordata, 
ly sume nature, are formed behind the mouth in 
the Larve of Amphibia, and in front of the mouth in the larvw of Ganolds (Acipenser, 
Lepidostous), and are used by these larvw for attaching themsclves. 
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convenient to divide the subsequent development into two periods, 
the first embracing the stages from the condition Teprescoted in 
fig. 8 v. up to the full development of the free larva, and the second 
the period from the full development of the larva to the attainment 
of the fixed adult condition. 


Growth and Structure of the free larva. 


The nervous system. The nervous system was left as a closed 
tube consisting of a dilated anterior division, and a narrow rior 
one. The former may be spoken of as the brain, and the latter as 
the spinal cord; although the homologies of these two parts are 

uite uncertain. The anterior part of the spinal cord lying within 
the trunk dilates somewhat (fig. 8 v. and vI. Rg) and there may 
thus be distinguished a trunk and a caudal section of the spinal cord. 

The original single vesicle of the brain becomes divided by the 
time the larva is hatched into two sections (fig. 9)—(1) an anterior 
vesicle with, for the most part, thin walls, in which unpaired auditory 
and optic organs make their appearance, and (2) a posterior nearly solid 
cephalic ganglion, through which there passes a narrow continuation 
of the central canal of the nervous system. This ganglion consists 
of a dorsal section formed of distinct cells, and a ventral section 
formed of a punctated material with nuclei. The auditory organ’ 
consists of a ‘crista acustica’ (fig. 9), in the form of a slight promi- 
nence of columnar cells on the ventral side of the anterior cerebral 
vesicle; to the summit of which a spherical otolith is attached by 
fine hairs. In the crista is a cavity containing clear fluid. The 
dorsal half of the otolith is pigmented: the ventral half is without 
pigment. The crista is developed in situ, but the otolith is formed 


a” o 





Fro. 9, Larva or Ascrpia meNTULA. (From Gegenbanr; after Kupffer.) 
Only the anterior part of the tail is represented. 

WN’. anterior swelling of neural tube; N. anterior swelling of spinal portion of 
neural tube; n. hinder part of neural tube; ch. notochord; K. branchial region of 
alimentary tract; d. cesophageal and gastric region of alimentary tract; 0. eye; 
a, otolith; o. mouth; s. papills for attachment. 
from a single cell on the dorsal side of the cerebral vesicle, which 
forms a projection into the cavity of the vesicle, and then travels (in 


1 For a faller account of the organs of sense ride the chapters on the eye and ear. 


narrow pedicle, The fully developed eye (figs. 8 
of a cup-shaj retina, which forms a prominence sli; 
right side of the posterior part of the dorsal 


cerebral vesicle, and of refractive media, The reti 





Half the lens is imbedded in the cavity of the retina and 
by the pigment, and the other half is turned toward a 
meniscus which corres} in position with the cornea, oo 
t of the meniscus and lens is unknown, but the ai 


sharp constriction from 
ws P 
The layer of fi ‘and 





passing off from the spinal to the muscles of the tail. 1 
fo 


remost of these arises at the boundary between the trunk and 
tail, and the two others at regular intervals behind this point. 


Uda pb ona nt anihapla baer It has already been states 
that the lateral walls of the enteron in the tail give rise | 
muscular cells, These cells lie about three abreast, and appear 
poaear ce ceenemer curren en itbah rwith Whe wth of the tail 

co enormot in length, and event imperfectly 
stented. ‘The sreabblant cells at the hinder etd of the trunk, close 
to its junction with the tail, do not become converted into musele 
cells, but give rise to blood corpuscles; and the axial remnant of the 
archenteron und a similar fate. According to Kowale' the 
heart is formed during larval life as an elongated closed on 
the right side of the endostyle. 

The notochord. The notochord was left as a rod formed of a 
single row of cells, or in As, canina and some other forms of two 
rows, extending from just within the border of the trunk to the end 
of the tail, 

shins a Ng eerie Cry , giant ete the oolochon Sa 

a velopment whi its complete 
Chordata ts ths dodbéfal cass of Armphiozun, romp peel 
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Cha). These @ larger and and finally, after pushing the remnants 
Aelia tae pits thete noster vo tbe: Ht to 

tinuous axis of hyaline substance, The remnants of the cells with their 
Re eras Soe by ttone face (Our 8 web) Whether the 
axis is to be regarded as formed of an intercellular substance, or of a differ. 
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16 METAMORPHOSIS. 


being established between the left atrial involution and the intes- 
tine. 

During the above described processes the test remains quite 
intact, and is not perforated at the oral or the atrial openings. 


The retrogressive metamorphosis of the larva. 

The development of the adult from the larva is, as has already 
been stated, in the main a retrogressive metamorphosis, The stages in 
this metamorphosis are diagrammatically shewn in figs. 10 and 11. Tt 
commences with the attachment of the larva (fig. 10 A) which takes 
place by one of the three papillw. Simultaneously with the attach- 
ment the iaiies tail tere 

a complete at a 
foB), so that, otto A 
of it but a mass of 
cells neue close to the 
point of the previous inser- 
tion of the tail in the trunk. 

The nervous system also 
undergoes a very rapid re- 


Eom ienrs metamorphosis ; 
and the only part of it which 
persists seem to be 
the dilated portion of the 
spinal cord in the trunk 
( ape, No, 28). 

he three papille, in- 
Fe10. “Duomx sexenta vex woe op cluding that forts 
Avticianxr ax. avnanquxy® netaooxrasiye tachment, early disappears 
METAMOREHOsS oF 4 LAnvat Ascromx, (From and the larva becomes 
Hinakester;) by a growth of the test to 

foreign objects. 

An opening appears in the test some time after the larva is fixed, 
leading into the mouth, which then becomes functional. The bran- 
chial sack at the same time undergoes im; t chan; Tn the 
larva it is provided with only two ciliated slits, which open into 
the, at this stage, paired atrial cavity (fig. 10). 

The openings of the atrial cavity at first are shut off from 
communication with the exterior by the test, but not long after the 
larva becomes fixed, two perforations are formed in the test, which lead 
into the openings of the two atrial cavities. At the same time the 
atrial cavities dilate so as gradually to embrace the whole branchial 
sack to which their inner walls attach themselves, Shortly after 
this the branchial clefts rapidly increase in number’. 





1 The sccount of the multiptication of the branchial clefts is taken trom Krohn’s 
paper on Phallusis mammillate (No. 24), but thore is every reason to think that it holds 
true in the main for simple Ascidians, » 
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The posterior part forms a rudimentary 

Cyathozooid, which eventually atrophies. 

e zooids are formed by a process of embryonic fission, This 

by the ce of four transverse constrictions 

in the anterior part of the bl ; by which the whole blastoderm 
bosaesimpertely divided into five regions, fig. 14 A. 

v¢ h constriction (appermost in my figure) lies just 

in front of the pericardial cavity; and separates the Cyathozooid 

from the four Ascidiozooids, The three other constrictions mark off 

the Ascidiozooids, The Cyathozooid remains for its whole 

ed to the blastoderm, which has now nearly envelo) 


forms a tube with very delicate 
ly contained within the 
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¥ originated ; so that the th 
etastoovslimen ¢ itary Race ADI aiedoets yard 
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a manner not clearly made out) round the right side of the vesicle 
till it comes to the crista; to which it is at first attached by a 
narrow pedicle. The fully developed eye (figs. 8 vi. and 9, O) consists 
of a cup-shaped retina, which forms a prominence slightly on the 
right side of the a part of the dorsal wall of the anterior 
cerebral vesicle, and of refractive media. The retina is formed of 
columnar cells, the inner ends of which are imbedded in pigment. 
The refractive media of the eye are directed towards the cavity of 
the cerebral vesicle, and consist of a biconvex lens and a meniscus. 
Half the lens is imbedded in the cavity of the retina and surrounded 
by the pigment, and the other half is turned toward a concavo-convex 

i ich corresponds in position with the cornea. The de- 

ment of the meniscus and lens is unknown, but the retina 
is formed (fig. 8 ¥. @) as an outgrowth of the wall of the brain. At 
the inner ends of the cells of this outgrowth a deposit of pigment 


appears, 
5 The trunk section of the spinal cord (fig. 9, V) is separated by a 
sharp constriction from the brain. It is formed of a su ial lay 
of longitudinal nervous fibres, and a central core of ganglion oalig 
The layer of fibres diminishes in thickness towards the tail, and 
finally ceases to be visible. agile detected three pairs of nerves 
ing off from the spinal to the muscles of the tail. The 
Benes of these arises at the boundary between the trunk and the 
tail, and the two others at regular intervals behind this point. 

The mesoblast and muscular It has already been stated 
that the lateral walls of the nteron in the tail give rise to 
muscular cells. These cells lie about three abreast, and appear 
not to increase in number; so that with the growth of the tail 
they grow enormously in length, and eventually me imperfectly 
striated. The mesoblast cells at the hinder end of the trunk, close 


archenteron yard asimilar fate. According to Kowalevsky the 
heart is formed srtag uarral life as an elongated closed sack on 
the right side of the endostyle. 

The notochord. The notochord was left as a rod formed of a 
single row of cells, or in As, canina and some other forms of two 
rows, Conroe from just within the border of the trunk to the end 
of the tail 


tinuons axis of hyaline substance. The remnants of the cells with their 
nuclei form a sheath round the hyaline axis (fig. 8 vi. ch), Whether the 
axis is to be regarded as formed of an intercellular substance, or of a differ. 
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tions, 
of the germ of the ovum of Pyrosoma is divided by transverse co 
Ascidiozooids. 


into four = 2 
Pee dient i pai atng es t side of the body of | 
embryo close to the heart. eo Socal fealeunt ne guy eam ee 

of the body wall, into which there grow the following structures: 
(1) A central hollow process from the end of the respiratory suck, 
re een ae teal pevlongnionict as icardial cavity. 
(3) A solid process of cells on the ventral side derived from the same 
mass of the cells as the elwoblast. 


® A ventral and a dorsal blood sinus. 
ides these parts ren vie ies ae Sone tube, the 


ee an cae ries en ee i 
Zea soppecheatalere to the generative organs of the sexual 


transverse constrictions into a number pt ‘These rings do not long 
remain complete, but become interrupted d: lyand ventrally. The imper- 
Sseraira Re seeped cvvelbp, and, each of end eventnalls rise to a 
sexual Salp, Although the stolon arises while the asexual Salo is ail in 
an embryonic condition, it does not become fully developed till long after 
the asexual Salp has attained maturity. 

A 


One of the most remarkable phenomena in connection with the 
life history of many Ascidians is the occurrence of an alternation of 


ee) = 





process to fc 
(lectabercins) eae to the ie 
dies away. The four Ascidiozooids form a fresh 
duce (1) sexually, whereby fresh colonics are 

Minato if ie city ere a of the colony is inc 


a widely differs fo 
of a Guten difering 50 
from the ordinary zooids. ~ 
ele The sexual 
ch ee kc a series 
Scere ‘hn t 
like Pyrostea Pyrosoma or Botryllus, yet 
ce they i in the adult state, As i 
lus, Conse oya are ripe the spermatozoa. Each 
individual gives rise to a single seelate Hla while still in 
condition, buds out a ‘stolon’ its right ventral 
‘This stolon is divided into a series of lateral buds after the 
sexual Salp has begun to lead an independent existence. ee 
sexual Salp clearly co: mds with the ozooid of 
though it has not, Tike the Cyathozooid, undergone a retrogressive 


By far the most Satta form of alternation of ince 


known psmcor the Ascidians is that in Doliolum, The 
this meta was made by baer ee 10). "The sosual 
form of Doli jum is somewhat cask-sl , with ring-like muscular 
fee apertiares p at opposite ends of the 
fe slits varies according to the species. The ovum 

leseribed, to a tailed embryo which su 
asexual form. On attaining its 

it tact le fal we and alimentary tract. While still in eon 
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SEGMENTATION. 





Mthich are added to. thoee relalting rem the asgaesealag 
|e Even after the segmentation numerous nuclei are present is 
e granular matter below the blastoderm (fig. 16 A, ’); and around 






Pio, 15, Skcrion THROUGH OREMIXAL Dtsc OF A PRESTIURUS EMEEYO Dunia THE 
‘SEOMENTATION. 
‘®. nueleas; nz. nucleus modified prior to division; mz’. modified nmelens in the 
yolk; f. farrow appearing in the yolk ndjacent to the germinal disc. 


these cells are being continually formed, which enter the blastoderm, 
and are more especially destined to give rise to the Btn The 
special destination of many of these cells is spoken of in detail below, 
At the close of segmentation the blastoderm forms a 
lens-shaped disc, thicker at one end than at the other; the thicker 
end being the embryonic end. It is divided into two strata—an 
upper one, the epiblast—formed of a single row of columnar cells; 
and a lower one, the primitive hypoblast, consisting of the 
cells of the blastoderm, and forming a mass several strata 
These cells will be spoken of as the lower layer cells, to disti J 
Neeru the true hypoblast ey a one et tite rs jucts. * 
cavil 8000 ay in the lower cells, near the non- 
reine the astedorm; but the cells afterwards » 
es the vs an Sree fat lies Lape the d 
ie lower ig 40). is cavity is ome ieee 
cavity ajatvelant to that present , Amphioxus, Amphibia, ete. e 
chief pavuliarity about it is the relatively late period at which it 
makes its san the fast chat i zone ie ine 
eplat a by the Tower I cells, Owing to the large size 


cal 
ic opiblast in the next stage is inflected for a small arc at the 
embryonic end of the blastoderm, where it becomes continuous with 
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the lower layer cells; at the same time some of the lower layer cells 
of the embryonic end of the blastoderm assume a columnar form, 


‘ss A 


ue a =e 
ay 


we 
Fia, 16. Two tosarreprsan xxotiows ov TH nEASTODRM ov A Paistiunvs ROKRYO 
DURING ETAGRK PRION 10 THE YORMATION OF THE MEDULLANY GNOOVE. 
ep. epiblast; i. lower cells or primitive hypoblast; m. mesoblast; hy. hypo- 
blast; 2c. segmentation: +: es. embryo ling; n’. nuclei of yolk; ¢r. embryonic 
fim. ¢, lower layer cells at the non-embryonic end of the blastoderm, 


and constitute the true hypoblast. The portion of the blastoderm, 
i and hypo! are continuous, forms a projecting 
structure which will be called the embryonic rim (fig. 16 B, er). 
This rim is a very important structure, since it represents the 
dorsal portion of the lip of the blastopore of Amphioxus. The space 


SP ee 


Pio, 17, Loworreprxan srotiox Tiovom rH Brastopens or 4 Priariurns 
EMNRYO OF Tih SAME AGK 48 FIO. 23 


ep. epiblast; er. embryonic rim; m. mesoblast; al, mesenteron. 


between it and the represents the commencing mesenteron, of 
which the ieesigeies we under side of the lip 4 the dorsal wall. 
The yentral wall of the mesenteron is at first formed solely of yolk 
held together by a protoplasmic network with numerous nuclei. ‘The 
yo bbe Ep becomes rapidly 1a (fig. 17, al), owing to the 

0 uous Cor of lower layer cells into columnar hypoblast 

an axial line passing from the middle of the embryonic rim 
centre of the blastoderm. The continuous differentiation 
towards the centre of the blastoderm corresponds 
Jnyagination in Amphioxus. During the formation of the 
‘tim the blasi ee considerably larger, but, with the 
of the formation of the embryonic rim, retains its primitive 


E 









[ F cavity undergoes however important chan; 
There is formed it a floor of lower layer cells, detived partly ste 
: a2 
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an ingrowth from the two sides, but mainly from the formation of 
cells around the nuclei of the yolk (fig. 16). Shortly after the floor 
of an has pppbeared, the whole segmentation cavity mes Oblite- 
rated (fig. 17). 

The Piemrenacre of the entation cavity corresponds in point 
of time with the formation of the hypoblast by the pseudo-invagina- 
tion above described; and is peobatly due to this pseudo-invagination, 
in the same way that the disappearance of the segmentation cavity 
in Amphioxus is due to the true invagination of the hypoblast. 

When the embryonic rim first a rs there are no external 
indications of the embryo as distinguished from the blastoderm, but 
when it has attained to some importance the position of the embryo 
becomes marked out by the appearance of a shield-like area extending 
inwards from the edge of the embryonic rim, and formed of two folds 
with a groove between them (fig. 28 B, mg), which is deepest at the 
edge of the blastoderm, and shallows out as it extends inwards. This 
groove ix the medullary groove; and its termination at the edge of 
the blastoderm is placed at the hind end of the embryo. 

At about the time of its appearance the mesoblast becomes first 
definitely established. 

At the edge of the embryonic rim the epiblast and lower layer 
cells are continuous, Immediately underneath the medullary groove, 
as is best seen in transverse section (Gg. 18), the whole of the lower 
layer cells become converted into hypoblast, and along this line the 
colamnar hypoblast is in contact with the epiblast above. At the 

sides however this is not the 


A case; but at the junction of the 
epiblast and lower layer cells 
my © latter remain undifferenti- 


} ated. A short way from the 
| edge the lower layer cells be- 
ty come divided into two distinct 
layers, a lower one continuous 

with the hypoblast in the mid- 

tees dle line, and an upper one be- 
tween this and the epiblast (fig. 

ep 188). The upper layer is the 
commencement of the mesoblast 

ty (m). The mesoblast thus arises 
as two independent Iateral 


Fro. 18, Two Taaxsvenan secrions or each si 
AN KMMURYO OW THE RADOE ADT AS ¥10. 17. Veeaaso! side of the 


medullary groove, which are con- 

i ee Knwous behind wih he ane 
medullary groove; ep. epiblast; Ay, differentiat lower layer cells 
5 meal, cella Tae Forel: iz at the edge of the printers 


= ae at first very short, an not 
Serre ee Se Sein of the tend’ Qo the front and enw 
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sented in white and is seen to be continuous at the lip of the | 
Peeene tian ie mca poblast. Between the 

t is seen one of the lateral plates of mesoblast, 
black cells with clear outlines, The non-embryonic lower T 
the blastoderm are represented in the same manner as the 
of the body. ‘The alimentary cavity is shewn at al, and below j 
seen the yolk with nuclei (x). The Date op cavity is re 
Epo ‘as still persisting, though by this stage it would have 

isappeared. 

As to the growth of the blastoderm it may be noted that it has 

greatly extended itself over the yolk, Its edge in the meantime 
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Feo. 20, Tune sxetiows tirnovon 4 Pustronvs EMO sOMRWHAT YOUNGER 
‘THAN 710.28 C, 
ih fection Geman i oes Tet ihe aephall plat 
5 ion i" part of the cephalic plate, 

©, Seotion through the trunk, 

ch. notochord; mg. medullary groove; al. alimentary tract; Ip. lateral plate of 
mesoblast; py. body eavity, 


forms a marked ridge, which is due not so much to a thickening as toan 
arching of the epiblast. This ridge is continuous with the embryonic 
rim, which gradually concentrates itself into two prominences, one on 
each side of the tail of the embryo, mainly formed of masses of 
undifferentiated lower layer cells. These prominences will be called 
the aay swellings. at Aig ie a coche 
saat eae the Circe vers of the body, the epiblast, mi 

and Typoblash ave become definitely established. The further history 
of these layers may now be briefly traced. 

» While the greater part of the epiblast becomes con~ 
v into the external epidermis, from which involutions give rise 
to the olfactory and auditory pits, the lens of the eye, the mouth 
cavity, and anus, the part of Whining the medullary groove becomes 
converted into the central nervons system and opticeup. The medullary 








ELASMOBRANOHIT. 


is at first continued to the front end of thi 






tone m oe 
Fa n'a and may tallied the or 


ventral portion not so divided, which may vevalll i 
These 












GED BATE. age OO 
Sins met TE 


COE 


ARN 





Fro. 28, Horizontal. suori0N bey ee! by the upper : 
eal laid on thebonke oe eam 

is ceklea’ Jr saben SE Sis aval of tin ane from 
notochont, and shews the separation of the and unsegmented part. 
cells to form the vertebral bodies bodies from the eonsequence of this 
innscle-plates. 

ch notochord ep.epitlast: Vrs rudiment oF 5 sories of rectangular 
Peta andy rst the mesoblastic onan 
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which is the cavity originally continuous with the bodsreaity | 
(fig. 23, mp). The pie din SS of the plates buds off cells | 
form the rudiments of the vertebral bodies which are at ‘iaw 
mented in the same planes as the mesoblastic somites (fig. 22, 
The plates themselves remain as the muscle-plates ree 
rise to the whole of the voluntary muscular sys! the 
Between the vertebral and lateral plates there is is left a 
isthmus, with a uarrow prolongation of the Had hasty hl: (fig. 23 B, 
which gives rise (as described in a special chapter) to the 
tubes and to other parts of the excretory system, 
Sannin ak feat ier el Gey of the two Bae i ty 
mut the intestin: ae ns fy 

and the two primitively isolated cavities soutained iat 
In the tail however the plates do not unite yentrally ‘as pies 
ue and their contained cavities remain distinct till eventually — 


‘At first the pericardial cavity is quite continuous with Ree | 


fee 


cavity ; but it escole becomes separated from the body-cavity 
fiiprattuchinant of the liver to the a jominal wall, and by a 

septum in which run the two ductus Cuvieri (fig. 28 ft sv). | 
perforations in this septum (fig. 23 A) leave the Se ee pee ! 
communication. | 


Pa , 





cavities. 
Tn addition to the 


part of 
ae blast, and the erative system frost Serica a 
estes of the drag the body-cavity, 

The hypoblast. Sey shortly fy after the formation of the meso 
Dlustic plates as lateral differentiations of the lower layer cells, an 
axial differentiation of the hypoblast appears, which gives ee 
notochord very much in the same way as in Amphioxus, 

At first the the hypoblast along the axial line forms a single 

contact with the epiblast. Along this line a rod-like ote 
the hypoblast very soon aj (fe. fig. 25, B and C, Ch’) at the 
head end of the embryo, at gradually extends backwards. This is. 
the rudiment of the notochord ; it remains attached for some time to 
the hypoblast, and becomes separated from it first at the head end of 
the embryo (fig. 25 A, ch): se sorarkan ta ster carried backwards. 





A series of sections taken through an embryo shortly after the first 
differentiation of the notochord presents the following characters, 

In the hindermost sections the heeetine retains a perfectly normal 
steacture and uniform thickness throughout. mr freee 
re cake We emer ny facts i obeecrel in it, immediately 


groove. layer, which elsewhere someon te 
row of cells, becomes two cells deep, but no sign of a division into two 


layers is exhibited. 
Sa Sea Sew sont she Saboning if toa byes re 
more need; we have, in fact, a ridge projecting from the by 


poblast 

the epiblast 25 B, Ch’). Thi Perens oa apie 
SLT pki A se e hy| A 

amanemcie. entirely 

nets pots ia Br of 
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one “spares Fio. 25, ‘Tamex sections or 4 Parertonvus 
an axial differentiation of xsmnro stiomrey onpen max r10, 28 B. 


the pages oem an ‘The sections shew the development of the noto- 
of 


axial the errata ast WV. developing notochord 
bl evel pacts ene % Tatecal peta of inenatiasty 
ment both in Amphioxus 


and Elasmobranchit tend towards the former ee a the nearly 
simultaneous differentiation of the notochord and the mesoblastic 
lends some support pet eteappceltion that the notochord may 


she to seal ln plate of meso) developed slightly Inter has 


The canal or mesenteron was left as a bet 
the ets a the yolk, fending blindly in front. but ope! Aik 
widish aperture, the blastopore or anus of Rusconi Weide 


. 
‘The conversion of this irregular ray into a closed canal com- 
mences first of all at the anterior extremity, In this conversion two 





“4 THE HYPOBLAS?. 

Of far greater interest than the nature of these folds is the for 
tion of the ventral wall of the alimentary canal, This ori; 
a growth of cells from the two sides to the middle line 


derived from hy c 
Ch pre-existing hypoblas 








spoken. of (fig. 26, na) The ventral 
wall of pe ee in fact, toa 
large extent at any rate, formed as a 
diferentation of the primitive yolk 


LOOT. 
Fro, 26. Skenox mxotox xk The folding off and closing of the 


7S 
cs 


ANTERIOR PART OF A Us canal in the anterior 
pt the bay proce a ery 
Ch. notochord; hy. hypoblast is a considerable tract of the alimentary 


uh alimentary tract; na. cells canal formed, but a of the 
the yentral wall of the alimentary head is completely folded off from the 
traet. leanne the medullary groove is 


‘The posterior of the alimentary canal retains for a longer time 
ita ere oni ssh Bees diate i pre pee 
ie li the blastopore at the hind end of the em! 
2a emitting. The sont of the closing in of the ior part 
of the alimentary canal consists in the fact that a si con’ 
to that in Amphioxus obtains between the neural and alimentary canals, 
This is due to the medullary being 
continuous at the end of the tail with the 
lips of the blastopore, which close in the 
hind end of the alimentary canal; so that, 
when the medullary folds unite to form 
canal, this canal becomes continuous with 
F the alimentary canal, which is closed in at 
rf Sic aorwe ura In other Sac aeae 
ullary folds assist in envelopii Dlas- 
Wie. SY. Labertesaan which does not prteriy Boe 
varrieat snersox or ax xx- solutely closed, but oj into the floor of 
aaa fg aaa the neural canal. It will afterwards be 
‘The section shows the S#eWn that it is only the posterior of the 
communseation whichexists blastopore that becomes closed during the 
‘between the neural and ali- above process, and that the anterior and 
ale anal penta pe long, remains open. The 





‘ne. notral cumal; al. ali- 
; Ch. arrangement o| 
Chori, Te til'wweliing, the hind end of the mesenteron is first closed, 
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ee eee the yolk sack with the alimentary cavity. 
into the alimentary 


fac etal id entrance of the 
mat « fly Lite ment a 
Sn ot fy dorwile walle 


after the three inal layers 
blished, 


igh atin & spatul 

ats ‘set away aie 
of | athe bi soon becomes 
iesssliniptor the 
tail 





Peer treed tat ore not shewn in my figure. They are the 
“ats the trunk, and those behind them continue to be 
he end of 






Pp ly folded off from the blastoderm, and the medul 
» of the earlier stage has become converted into a closed 


the next 28 D) the has becom i 
ont Yih gat and. Eehind that tha separate 







to 
attached to the Scie tay Setfust, wall: or cor, 
narrows and ¢longates, and 


as the umbilical cord (so. ay br As medullary canal has now 
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fn mou tragoainy a anal 


ent, 


gee 
posterior vesicle of post-anal 
embryon ax opaquo objects. 


of an ofder 
ee. 









will soon form the 
bryo. The fore-brain has increased in size and d 


part of it may now be looked on as the 
ment of the cerebral hemisph 
Further 


there is still a region of w 


anterior termination of the long 


thickened portions of mesoblast, which caused the tail 
still to be seen, and 





‘Pio, 28", Four sections rukoven tie rost- 
ANAL TANT OF THX TALL OF AN EMURYO OY THX saat 
408 As 710. 28 F. 


A 
neural canal; el. post-anal ale. candal 
pam ot poste eels 8. tha rod; mp. 
mosele-plate; ch. potochord; cloaca; 
forte; v.cam, candal vein, = 
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able during the last stage, is now a more conspicuous organ. There 
are three visceral clefts, none of which are as yet open to the exterior. 
Figure 28 F represents a considerably older embryo viewed as an 
object, and fig. 29 A is a view of the head as a transparent 
object The stalk connecting it with the yolk is now, comparatively 
speaking, quite narrow, and is of sufficient length to permit the 
em! to execute considerable movements. 
tail has grown immensely, but is still dilated terminally. 
‘The terminal dilatation is mainly due to the alimentary vesicle (fg. 25° 
ale), but the postanal section of the alimentary tract in front of this 
is now a solid cord of cells. Both the alimentary vesicle and this cord 
very soon di: w. Their relations are shewn in section in fig. 28%. 
The two pairs of limbs 
have appeared as differen- 
tiations of a continuous but 


tance behind the stalk. 
The cranial flexure has 
ly increased, and the 
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Fio, 29. Vs Buuano: 
axis of the body. The muanem SOCDTOG AT TWO STADRA AS TRANEPAREST 
‘i roof urth .- OnKCTS. 
eee eee priathon emiayes ak dhe wacd sigaan iy 
B. Somewhat older Seyltium embryo. 
LE tind nore; ih nerve, YT seventh 
nerve; aun, au nerve; gl. 
; nerve; V9. + Pos forecbrata;, pn. pl 
its opening is not mony ee ea iat hind brane ta fo 
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50 GENERAL GROWTH OF THE EMBRYO. 


Owing to the ‘ity of the embryo, the 
indistinetly indi in ke 28 F, tO 
blast are to be seen. a 
‘The mouth is now a deep pit, the hind borders of which are 
almost completely formed by a thickening in front of | 7 
branchial or visceral cleft, which may be ‘the first branchial arch 
or mandibular arch, ? 

Four branchial clefts are now visible, all of which are open to the 
exterior, but in the embryo, viewed as a transparent two more, 
not open to the exterior, are visible behind the last of these. 4 

Between each of these and behind the last one there is a thicken~ 
ing of the mesoblast which gives rise to a branchial arch, ‘The arch 
between the first and second cleft is known as the hyoid arch, 

Fig. 29 B is a representation of the head of a sli sider 
in which papille may be seen in the front wall of the second, 
and fourth branchial clefts: these papille are the commencements of 
filiform which grow out from the gi and form ex- 
ternal The peculiar ventral curvature of the anterior end of the 


notochord (ch) both in this and in the preceding figure deserves notice. 
A peculiar feature in the anatomy makes its appearance at this perio 

viz, ‘lip Raplacecaat of the original seen esophagus by a solid: Ent 

galls fe 23 A, as) in which a lumen does not reappear till very 

later. I have found that in some Teleostei (the eee long after 


they are hatched a similar solidity in the It 
appears not impossible that this feature in the may be connected 
Ce ier ae pone the Lepore Lic the 

was ts its ; in the process of embryonic: 

poe delat ar perforated esophagus became replaced by a stage 
with a cord of indifferent cells (the oesophagus being in the embryo 
functionless) out of which the ‘wil ppt esophagus was directly formed. 
af the higher types the process of de 

rect, 


By this stage all the parts of the embryo have become established, 
and in the succeeding stages the features characteristic of the genus 
and species are gradually acquired, 2 

Two embryos of Scyllium are represented in fig. 28 G and H, 
the head and anterior part of the trunk being represented in fig. G, 
and the whole embryo at a much later stage in fig. H. . 

Tn both of these, and especially in the second, an apparent 
diminution of the cranial flexure is very marked. This diminution 
is due to the iwi sesect the cereal en ee 

w upwards forwards, press the ort; 
the mil-brain behind, 4 ‘ 

In fig. G the rudiments of the nasal sacks are clearly visible a 
small open pits. 

‘The first cleft is no longer similar to the rest, but by the closure 
of the lower part has commenced to be metamorphosed into the 
spirac! 4 





velopment appears to have become quite 
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MEASTODERM, AXD THE VESSKLA OF THE YOLK-#ACK. 


Fro. 90, Taree views or ram vires oF i 


a of the the pein 
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ot INTERNAL ec 


walls an out Enh ety hr re wih a 

amount of olk passes, ‘This outgrowth forms an internal 

sack. In Muste jus vulgaris the internal yolk-sack is bbe and 

in Mastelus levis it is absent. The latter species, which is one of 

those in which development takes place within the Piet is 

a iemiaskable een arty in that the vascular surface of 

becomes raised into a number of folds, which fit into 

depressions in the vascular walls of the uterus, The 

becomes in this way firmly attached to the walls of the uterus, 

the two together constitute a kind of placenta. pease 

is found in Carcharias. | 
After the em! is hatched or born, as the case may be, the yo | 

sack becomes rapidly absorbed. 
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During the 
toderm takes 
In hardened specimens a small cavi 


may be present at an; 
pies fect oui in, 0 Gaaahe 
segmen' 


ot 
the Elasmobranch 


this is still doubtful’. Around these nuclei portions of 
are segmented off, and cells are thus formed, which enter 
derm, and have nearly the same destination as the 
of the Elasmobranch ovum. 

During the later stages of 
becomes thickened and forms the embryoni 


In Leuciscus rutilus Bambeke describes a cavity as appearing in the 
middle of the blastoderm during the later stages of segmentation. From 
his figures it might be supposed that this cavity was equivalent to the 
segmentation cavity of Elastnobranchs in ita earliest comition, but Bam- 
eke states that it disappears and that it has no connection with the true 
weneeietins cavity. pasion and other ee have bere! a 

i homol segmentation cavity i leostet, 
i Plosmobesnei ‘Amphibia, oe, a 

With the appearance of the segmentation cavity the portion of 
the ‘Blastoderm, which forms its roof becomes: thinned ont, 50/that | 
the _ Ue isinrenneygs (1) “‘Saee edge i 
prominent at one point wl it forms the embryonic swelling, 

(2) thinner central portion. The changes which now take | 
result in the differentiation of the embryonic layers, and in the rapid 








? Vide Vol. 1. p, 89. | 


TELEOSTEL. aT 


extension of the blastoderm round the i 
x Sipaalin yolk, accompanied by a 


A 


Fro. 31. Loworrcpmrat sectioss taxovar Tae mLusTODERM OF THE 
‘Tower ar aX HARDY STAGE oF DEVELOrMEST. 
A. nt the close of the segmentation; B. after the differentiation of the germinal layers. 
ep’. epidermic layer of the epiblast; sc. segmentation cavity. 

‘The first differentiation of the layers consists in a sii row 
cells on the surface of the blastoderm becoming distinctly marked 
i layer (fig. 31 A); which however does not constitute 
the whole epiblast but only a small part of it which will be spoken 
of as the oe layer. The complete differentiation of the 
Cage hi a OO Se cg ee of the blasto- 
becoming divided into two strata (fig. 31 B). The upper 
stratum constitutes the epiblast. It is divided into two layers, viz, 
the external epidermic layer already mentioned, and an internal layer 
Known as the nervous layer, formed of several rows of vertically 
arranged cells. According to the unanimous testimony of investi- 
the of of the segmentation cavity is formed of epiblast cells 
only. The lower stratum in the thickened rim of the blastoderm 
is several rows of cells and corresponds with the lower layer 
cells or ive hypoblast in Elasmobranchii. It is continuous at 

the edge of the blastoderm with the nervous layer of the epiblast. 
Th smaller Teleostean eggs there is formed, before the blastoderm 
becomes differentiated into pois and lower layer cells, a com- 
ote nuclei in the ular layer under- 
ne blastoderm. This lay da tha lippotiatt in these 
lk cells of blastoderm are stated to become 
ted into mesoblast only. In the larger Teleostean such as 
the Salmonide, the bypoblast, as in Elasmobranc! pores 
partially formed poms te the granular layer. 


i the granular stratum give rise 
r leas complete cellular floor for the tation cavity. 


on thus becomes enclosed between an by 
u sau peiblastie roof several cells deep. Te lbootenea 
ly after the appearance of the medullary plate. 
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of the Aigteets very soon as a shallow 

the axial line of the shield. After changes thet ee ae 
in the em! ic layers a series of dil lati ing to 
establishment of the definite changes are much more: 


partly to the similarity of the cells of the various layers, and | 
to the primitive solidity of all the organs, 

The first in the epiblast give rise to the central | s 
Rae ‘The epiblast, consisting of the nervous and epidermic strata 


Calberla (No. 61) the keol is formed by the Slding. togetbee 
the two sides of the primitively uniform Raper aie keel 
becomes gradually constricted off from the e: epiblast and 
then forms a solid cord below it. Subsequently there appears i 
this cord a median slit-like canal, which forms the permanent . 
canal of the cerebrospinal cord. The peculiarity in the formation 
of the central nervous system of Teleostei eonsists in the fact that 
it is not formed by the folding over of the sides of the medullary 
groove into a canal, but separation, below the ee 
groove, of a solid cord of epiblast in which the eentral 1 
is subsequently formed. Various views have been put forward 2 
explain the apparently startling difference between Meleosted, 
which i # and Petromyzon agree, and other vertebrate 
forms. The explanations of Gitte and Calberla eyes to me to 
The above 


groove is represented by the foldi ther of the lateral parts of 
autre mapa albedo, Bay a bap 


to Gitte this is the whole explanation, but Calberla states 
for us und Salmo that the epidermic layer of the epiblast is 
carried down into the keel as a double layer just as if it had been 
folded im. This ingrowth of the epidermic layer is shown in fig, 32 
it is just commencing to pass into the keel; and ats later stage 








60 FORMATION OF THE LAYERS. 
Fe ee ees and olfactory vesicles are continuous with 


After its separation from the central nervous system the remainder 
of the epiblast gives rise to the skin, ete, and most probably the 
epidermic stratum develops into the outer layer of the epi and 

nervous stratum into the mucous layer. The parts of the 
of special sense, which arise from the epiblast, are 
the nervous layer. In the Trout (Oellacher, No. 72) both are 
continued over the yolk-sack; but in Clupeus and Gasterosteus 
the epidermic has this extension, According to Gétte the distine- 
tion between the two layers becomes lost in the later embryonic 


Although it is thoronghly established that the mesoblast ori- 
ginates from the lower of the two layers of the thickened embryonte 
nim, it is nevertheless not quite certain whether it is a continuous 
layer between the epiblast and hypoblast, or whether it forms 
lateral masses as in Blatriabrancie The majority of observers take 
the former view, while Calberla is inclined to adopt the latter. 
In the median line of the embryo underneath the medullary groove 
there are undoubtedly from the first certain cells which eventual: 
give rise to the notochord; and it is these cells the nature of whi 
is in doubt. They are certainly at first very indistinctly Papen 
ie the meee on the two See ia ae also : that 
there is no sl ine separating them from the secondary hypoblast 
(fig. 82 A). Whatever may be the origin of the notochord the 
mesoblast soon forms two lateral plates, one on each side of 
the body, and between them is the notochord (fig. 32 B). 
‘The general fate of the two mesoblast plates is the same as in Elas- 
mobranchs, They are at first quite solid and exbibit relatively late 
a division into splanchnic Ae somatic layers, between which is 

the primitive body cavity. The dorsal part of the 

es transversely ‘ted in the region of the trunk; 

gives rise to the mesoblastic somites, from which the muscle plates 
and the perichordal parts of the vertebral column are 
ventral or outer part remains unsegmented. ‘The cavity of the ventral 
section becomes the permanent body cavity, It is continued forward 
into the head (Oellacher), and of it becomes separated off 
from the remainder as the pericardial cavity. 

The hypoblast forms a continuous layer below the mesoblast, and, 
in harmony with the generally confined character of the development 
of the organs in Teleostei, there is no space left between it and the 

to represent the primitive alimentary cavity. The details of the 
ion of the true alimentary tube have not been made out; it is 
not however formed by a folding in of the Jateral parts of the by 
blast, but arises as a solid or nearly solid cord in the axial 
between the notochord and the yolk, in which a lumen is gradually 
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considerably narrower, while the groove along the axis becomes shal- 
lower and disappears. The anterior, and at first 0 a 
very part, soon becomes distinguished as the cephalic 
fig, 83 B). The medullary cord in this region becomes very early 
livided into ciple pete ft a lobes, representing the fore, 
the mid, and the hind brains: of these the anterior is the smallest. 
With it are connected the optic vesicles (oc)—solid at first—which 
are posting pack inte Me region of the mid-brain, 

See om io the cual way by the afiditioalot 


After the yolk has become completely enveloped by the blastoderm 

the tail becomes folded off, and the same ane place at the 

front end of the embryo, The free tail of the embryo continues 

to grow, remaining however closely applied to the yolk-sack, round 

ae curls itself to an extent varying with ihe species (vide 
ig. 34). 

The general growth of the embryo duri the later stages 
sents a few apie features of pre tis 
The head is remarkable for the small 
ore amount of the cranial flexure, 
T is is probably due to pea 
velopment of the i 
The flexure of the floor of the brain 
is however quite as considerable in 
the Teleostei as in other types. The 
gill clefts develop from before back- 
wards, The first cleft is the hyoman- 
dibular, and behind this there are the 
hyobranchial and four branchial clefts. 

Fro. 34, View ov ay apvaxcen Simultaneously with the clefts there 
ge een ee 20% ew developed the branchial archos 

eye: At, Imart; Age. . The postoral arches are 
pest yoeels, Se aetaiaae™ PO andipular, byeid, aad ‘pe eat 
arches. In the case of the Salmon all 
of these appear before hatching. 

The first cleft closes up very early (about the time of hatching in 
the Salmon); and about the same time there springs a membmmnous 
fold from the hyoid arch, which gradually grows backwards over the 
arches following, and gives rise to the operculum. There ree 
in the Salmon shortly before hatching double rows of papille on 
the four anterior arches behind the hyoid. They are the rudiments 
of the branchim, They reach a considerable length before they 
are covered in by the opercular Geant In Cobitis (Gotte, 
No. 64) they aj in_ young larve as filiform processes equivalent 
to the extes ue Hsmobranc The Sxiena ves of these 
processes atrophy; while the basal portions me the permauent 

ill lamellae. me general relation of the clefts, after the closure of 
e hyomandibular, is shewn in fig. 35. 
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4 FORMATION OF THE TAIL. 
In the Flounder, which may serve as bai Libery sre € 
by rays 
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parate 
belonging 
ry 

me oe: pie fin rays of 
Stina thee saGhaeh Woah the tail ( 300), The ultimate 
Sa teaspcsewutietesoen oe of the notochord snd a 

©. in whieh tho embryonic le consi 
caudal fin has almost different types of Telecetei, Tele- 
oe i ostei may fairly be described as 

fu; m. rd; a ore. Passing fh an 


geon_as far a8 concerns their cau 
The anterior paired fins arise before the posterior; and there do 
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CHAPTER V. 
CYCLOSTOMATA'. 


PeTRoMyzon is the only type of this degenerated but primitive 
group of Fishes the development of which has been as yet studied *, 

The development dues not however throw any light on the rela- 
tionships of the group, The similarity of the mouth and other parts 
of Petromyzon to those of the Tadpole probably indicates that 
there existed a common ancestral form for the Cyclostomata and 
Amphibia. Embryology dees not however add anything to the anato- 
mical evidence on this subject. The fact of the segmentation being 
complete was at one time supposed to indicate an affinity between 
the two groups; but the discovery that the segmentation is also com- 
plete in the Ganoids deprives this feature in the development of any 
special weight. In the formation of the layers and in most other 
developmental characters there is nothing to imply a special relation- 
ship with the Amphibia, and in the mode of formation of the nervous 
xystem Petromyzon exhibits a peculiar modification, otherwize only 
known to occur in Teleostei and Lepidosteus. 

Dohrn? was the first to bring into prominence the degenerate character 
Cyclostomata. T cannot however assent to his view that they are 
descended from a relatively highly-organized type of Fish. It appears to 
ime almost certain that they belong to a group of fixhes in which a true 
skeleton of branchial bars had not become developed, the branchial skele- 














1 The following classification of the Cyclostomata is employed in the present 

chapter : . 
I. Hyperoartia ex. Petromyzon. 3 

Il. Hyperotreta ex. Myxine, Biellostoma. 
¢ chapter ix in the main founded upon observations which T was able to 
mal the spring of 1880 upon the development of Petromyzon Planeri. Mr Scott 
very kitlly looked over in made a number of valuable suggestions, 
and also rent me an early ry note (No, 87), which I have been 
able to muke uve of in corre 5 

2 Der Ureprung d. Wirbelthiere, ete. Leipzig, 1875, 
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at a point slightly below the segmentation cavity, a small eit 
Aas Ey eu eke G teed Gy ek ie d 
large cells, 


Fro. 88, Traxsvknat sictiox Tikovon 4 Pereowyzon exneyo 160 HOURS AFTER: 
DEPKEONATION, 


ep. opiblast; al, meventeron; yk. yolk-oclls; mus. mesoblast. 


formation of the mesenteron the segmentation cavity 

becomes smaller, and is finally (about the 200th ay 

The roof of the mesevteron is formed by the continued invaginati 

of small cells, and its floor is composed of large yolk-cells, The wide 

external opening is arched over dorsally by a somewhat prominent 

lip—the homologue of the embryonic rim. The opening persists 
ll nearly the time of hatching; but eventually tecueas closed, 

eeapseieae a zpatlon © compoeed 2h *0 greet gaa 
@ Tesenteron is com two grou 

(1) the yolk-cells, and 2) the cells forming the roof of tie mesen- 

teron. 


dcetieceh agtiey vadirhn bongs Ace pa small ol 
may now the epiblast cells, spread over 

ieee aiccainvan in normal types of oftots ine nati The 
enikcre the yolk-cells is not symmetrical, but is most rapid in 
the meridian ‘ite the ‘ing of the alimentary cavity, so that 
the latter is left im a bay (cf. Elasmobranchii, p. 51). The epibolie 
invagination takes place as in Molluscs and other forms, not 
simply by the division of pre-existing epiblast cells, but by the forma- 
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Fio. 40. Truxavense axcriox runovon the embryo. The medullary 
vant oy ax Kamnxo ov Perkoxyzox Praxest plate first contains a shallow 


‘oF 356 wours, median groove, but it is eon- 
me, medullary cord; eh. notochord; at. verted into the medullary cord, 
bs aos ase not in the usual vertebrate 


fashion, but, as first shewn by Calberla, in a manner much more 
along resembling the formation of the medullary cord in Teleostei. 
the line of the median groove the epiblast becomes thickened 
forms a kind of keel projecting inwards towards the hypoblast 
i 39, ne). This keel is the rudiment of the berks: cord, ee 
soon becomes more inent, the median groove in it disay 
it becomes pepeed ore the. epiblast as a solid cord ws lace 0, ~~ 
ia dnl odie I phaod » Tage fxd by ite probes aaa 
on tl su is an y the projection 
medullary cord, At the lip of the blastopore the cord. ix 
sire the hypoblast, thus forming the rudiment of a neur- 


pieaetag Wace rhe ental neal anal taf 
be test cell cells, Scott (No, Weg decrasad 

this point, and, although own sections do not ¢ 

tion of the outer a epiblast se Pautieggher ne arge 
ean Ae ai enon erator a 


cesses in this dyes Matar) Pep ee 

pan (A, ¢) first becomes distinct, Terentia an oe 
Rep Teg 

in to v into somit @ em is 80 1c 

tn ree ean nly be stilt scion jortly afterwards an 
Fa pcre anger pte Pyle 

Seat pices] aioe of the eye itinues rapidly, and, 
ie tion em! continues (i as 
shewn in my figures, the anterior end is applied to the the waht 
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‘nel dilated with bon ages speed a very thin. All 
still contain i which render the embryo 
‘The larva only extabits slow movements, and is not capale ob ewe 
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greater detail. 

On the ventral side of the head is placed the oral opening 
43, m) leading into a large stomodwum which is still without a 
munication with the mesenteron, Ventrally the stomodwum 
prolonged for a considerable distance under the anterior part of 
mesenteron. Immediately behind the stomodwum is placed the 
chial region of the mesenteron. Laterally it is produced on each 
into seven or perhaps eight branchial pouches (fig. 43, bre), wl 
extend outwards nearly to the skin but are not yet open. 
the successive pouches are ed mesoblastic 
same nature and structure as the walls of the head cavities in the em= 
bryos of Elasmobranchs, and like them enclosing « central cavity. A 
similar structure is placed behind the list, and two similar structures 
in front of the first persistent pouch. This pouch is situated in the 
same vertical line as the auditory sack (au.v), and would 
fore to be the hyo-branchial cleft ; and this identification 1s confirmed 
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Fro. 42. Disomaswarto Vemrican mcTiox oF A JUST-HATCHED LARVA oF 

Persourzox, (From Gegonbaur; after Calberlu.) 
», mouth; o. olfsetory pit; v. septum between stomodeum and mesenteron ; 

h. thyroid iayolution ; n. spinal cord; ch. notochord ; ¢. heart; a. auditory vesicle, 


by the fact of two head cavities being present in front of it, At the 
front end of the branchial region of the mesenteron is placed a thickened 
ridge of tissue, which, on the opening of the passage between the 
stomod#um: and the mesenteron, forms a partial septum between the 
two, and is known as the velum (fig. 43, tv). 
According to Scott (No. 87) a hyomandibular eh ong the eighth 
is pened in front of the pouch already Fofned as hyobran- 
chial, It disappears early and does not acquire gill folds’, The tinue 
, 
Speer ae rst et rete ae 
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On the ventral aspect of the head, and immediately in_ 
the mouth, is placed the olfactory pit (fig. 43, of). rpg to 
first eae and in just-hatched larvse simply forms a shallow 
of thickened epiblast at the base of the front of the brain. By the 
represented in fig. 43 the ventral part of the original groove is 
into a pit, extending backwards beneath the brain nearly 
up to the infundibulum. 
On the side of the bead, nearly on a level with the front end of 
the notochord, is placed the eye (fig. 48, op). Tt is constituted 
45 and 46) of a very shallow optic cup with a thick outer (1 i 
layer, and a thin inner choroid layer. Thcontact with tetas 
is placed tne lens. The atte a ell oy al ae 
(fig. 45). 


A a c of 
The au k is a large 
litory sack is a 

vesicle (6g. We ‘aue.), placed at 

the side the brain oes the 

first persistent pouch. 

¢ brain is formed of the 

usual vertebrate *, but is 


Fio. 44. Dusekanwaric raxerensx see. characterized by the slight 
Sek ac es Fermin, ite de cranial one The torches 


feakautt afer Calberin) SO consists (fig. 43) of ‘9 thalamen- 
d, branchial region of throat. cephalon (i) and an undivided 


cerebral rudiment (eh). To the 
roof of the thalamencephalon is attached a flattened sack (pn) which 
is probably the pineal gland. The floor is prolonged into an infundi- 
bulum (ia) which contains a prolongation of the third ventricle, 
‘The lateral walls of the cerebral rudiment are much thickened, 

Behind the thalamencephalon follows the mid-brain (mb), the 
sides of which form the optic lobes, and behind this again the hind- 
brain (md); the front ler of the roof of which is thickened to 
form the cerebellum (cb). The medulla passes without any marked 
line of demarcation into the spinal cord. 

The histological differentiation of the brain has already proceeded 
to some extent; and it has in the main the same character as the 
spinal cord. Before the larva has been hatched very long a lateral 
investment of white matter is present throughout. The notochord (oh) 
is continued forwards in the head to the hinder border of the infun- 
dibulum. It is slightly flexed anteriorly. 

From the hinder border of the anditory region to the end of the 
branchial region the mesoblast is dorsally divided into myotomes, 


4 Max Schultzo’s statements x to the straciare and histology of the brain are 
very inadequate in the present state of our knowledge, 
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8 GENERAL DEVELOPMENT. 


terior section corresponds to the jon of the « hal 
stomach, but exbibits no distinction mediately 







posterior! United to the volkcelle At the region where the 
sack opens into the Pires tract the latter dilates consid 
The posterior part of the alimentary tract etill constitutes 
of yolk sack, Phe Tee Wall PALpa nae and fori 
several layers of yolk-cells. The wall is very thin, 
The excretory system is composed of two sega ducts, each: 
nected in front vi a well-developed pronephros cer 
about five ciliated funnels opening into Pthe pericardi tse ea 
body cavity. The al acts a ae ion 
the cloacal section of the alimentary tract, 
The development of the larva takes with considerable 
The yolk becomes absorbed and the becomes accordingly 
transparent, It Soy erally lies upon its side, and resembles in genera 
appearance an ita minute Amphioxus, It is soon able to swim 
with vigour, a usually, unless disturbed, is during the ng the doe 
quiescent, and chooses by preference the darkest situations, 
straightens out, and, wi the disappearance of the yolk, the tail 





i err: 
Fo, 47. Heap or 4 1amva oy Pernomyzox atx wees on. 
Rigor erhaelse weal 
itic vesicle ; of. it; wel. ny U, Jowor 
Nips Forp, pla aie anh; velar eia Ls hea conan 


eter narrower than the head, A large caudal fin becomes 


en the larva is about twenty days old, it bears ii in most ana- 
Maotiel wimsesoes tersen sibose arm 20 days) eo) 
ween my a (: v8) even 

very young Ammocattes are considerable. 


‘The mouth undergoes important changes. The becomes much 
Suoka Getasieng:egrerg ne tislf tee arrange Redo ste Rega or) 
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Bone tn teioreee itn ht tanh vgn af to the 
gills; and as SS. SEW SO ae 
ig given off in the region of the velum. Wied tom the b 

is collected into the dorsal aorta, Some of it is transmitted to the 





blood is brought by the hepatic vein into the sinus venosus, In addition 
to these Stay there is a remarkable unpaired sub-branchial vein, whieh 
brings back the blood directly to the heart from the ventral part of the 
branchial region. 


Metamorphosis. The larva just described does not grow directly 
into the adult, but first becomes a larval form, known as Ammocates, 
which was su to be a distinct species till Aug. Miiller (No. 80) 
made the brilliant discovery of its nature, 

The Ammoceetes does not 
differ to any marked extent from 
the larva just described. 
histologi elements become 
more ditTerontiated, and a few 
organs reach a fuller develop- 
ment. 

os branchial Gop: errs 
more developed, capsules 
the olfactory sack and auditory 
crc stn. w 
divided into two by a ventral 
tum. The eye (fig. 48) ix 
more fully developed, bat lies 
Tong way below the surfuce. ‘The 


the oye. 
ent ie im nein paleo , the edge of the optic cup the two 
rotisa) pigment. layers fall into each other, They 
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and the dorsal fin becomes more prominent, and is divided inte two 
Part ccidea these obvious external 


elaborate system of cartilages is developed ian cnaastion eta 
mouth; the cranium itself undergoes important modifications; and 
nese ‘Gontieeble chi effected in the gill pouches, 
anges are in the 

according to Schneider, whose statements must pas be 

with some caution, the branchial sack becomes detached posteriorly 
from the cso) 8, the cso nae hen esis Sorrento] ea 
ation above the branchial which is at first solid. This prolong- 
ation forms the anterior part of the cesophi of the adult, and joins 
the primitive oral cavity at the velum. "The so-called bronchus of 
the adult is thus the whole branchial region of the Ammocertes, and 
Boer part of the @sophagus of ihe adult is an entirely new 

mn. 


He The posterior w aN SRT oe uA the Papen e 
undergoes partial atrophy. The gall- of the liver is absorbed ; 
and the liver ial ces to cma with the intestine a. ? 

+ ie eye important changes in it travels to 
the surface, and acquires all the characters of the normal vertebrate 


eye. 
hi The brain becomes relatively larger but more compact, and 
the optic lobes ( bigemina) become more distinct, 

6. ‘Tho praia cavity ste empty separated from the 
body cavity, and a distinct pericardium is formed. 

. ‘The mesonephros of the larva disappears, and a fresh posterior 
part is formed. 


Myxine. The ovum of Myxine when ready to be laid is inclosed, 
asshewn by Allen Thomson’, in an oval horny shell in many respects 
similar to that of Elasmobranchii; from its ends there project a 
number of trum} ped tubular processes, which no doubt serve to 
attach it to marine objects, No observations have been made on the 
development. 
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CHAPTER VI. 
GANOIDEL. 


ae scaly ree het Haag tee A any inva pete: 
made on em) of this heterogeneous, but primitt 
Sie ats ontises of sho development af Actpenser und UA 
main outlines of the development of Acipenser ‘i 
which are representatives of baie inportenk sub-divisions of the 
Ganoids. Both types have « complete segmentation, but Lepidos- 
teus presents in its development some striking approximations to the 
Teleostei. I have placed at the end of the chapter a few remarks 
with reference to the affinities indicated by the embryology. _ 
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lo the first embryonic period may be to come to a close. 
The second period ends with the indehing of the pahon: Per it 


he 
in fi 50 Band 2A and B. 
ne of the first changes to take place is the conversion of the 
medullary plate into the medullary canal. This, as shewn in fig, 51, 





Feo, 51, Teaxsvens® S2C3IOX THROUOM THE ANTERIOR PANT oF 4x ACIPENEER 
wunevo, (After Salensky.) 
/ ; Mp, medal We. vegment potockan ; 
ate Kspoliats Tap msablsale sone? Sp: past pit of notte pte 
is effected in the usual vertebrate fashion, by the establishment of a 
medullary groove which is then converted into a closed canal by the 
folding over of the sides. 

‘The uncovered patch of yolk in the blastoporic area soon becomes 
closed over; and on the formation of the medullary canal the usual 
neurenteric canal becomes established. 

The further changes which take place are in the main similar to 
those in other Lentyopets, bat ia sine = ie appearance Ah ee 
embryo is, a8 may be gathered from 52, rather strange. 

Sea due to the fact that the pained does not become folded off 
from the in the manner usual in Vertebrates; and as will be 
shewn in the sequel, the relation of the yolk to the em is unlike 
that in any other known Vertebrate. © appearance of the embryo 


x believes that the notochord k« derived from tho mesoblast. T could sok 
aatisty ‘an this point. 


bE | 





as ACIPENSER, 





anterior extremity becomes converted into a pronephros (fig. 

Before rene the embryo has to a sinall extent Aa ss) 
off from the yolk both anteriorly and posteriorly; and has also 
become to some extent vertically compressed. As a result of these 
changes, the general form of its body becomes much more like that 
mm, 


of an ordinary Teleostean embryo. 

The general features of the larva after hatching are : 
by figs 53, 54 and 55. Fig. 53 represents a larva of about 7 mm. 
dad fig. 64a lateral and fg 55 a ventral view of the bead OCainenm 
of about IL mm, 


‘There are only a few points which call for special attention in the 
general form of the body. In the youngest larva figured the ventral 
part of the hyomandibular cleft is already closed : he, doe 
of the cleft is destined to form the spiracle (sp). The arch i 
is a membranous outgrowth, 


is the hyoid: on its posterior border 








Pwo, 53, Lanva ov Acirexsen or 7 sot, stonriy Arres marca, 
ol, olfactory pit; op, optic veatele ; ap. apiracle; br.c. branchial clefls; em. amt. 


which will develop into the 0; lum. In older larve, a very 
rudiment ill ee to be developed on the front walls of the 
spiracular cleft (Parker), but I have not succeeded in satisfying myself 
about its presence; and rows of gill papillm appear on the hyoid 
and the true branchial arches (figs. 54 and 55, 9). The ieee 
arranged gill papille of the trae chial arches are of consi 
lange andl axe ‘not at first covered by the operculum; but do 
not forin elongated thread-like external gills similar to those of the 
Elasmobranchit. 
* ‘The oral cavity is placed on the ventral side of the head, it has 
at first a more or less rhomboidal form. It soon however (fig. 55) 
becomes narrowed to a slit with projecting lips, and eventually 
becomes converted into the suctorial Mhouth of the adult, The most 
remarkable feature connected with the mouth is the development of 
provisional teeth (tig. 55) on both jaws, 

‘These teeth were first discovered by Knock (No. 88). They do not 
to be calcified, and might be supposed to be of the same nature as the 
teeth of the Lamprey. ‘They are however developed like true teeth, as a 





w ACIPENSER, 


imost Vertebrata the yolk-cells form 2 protuberance of the part of the 





Fis. 66, Diacnasmatic LONGITUDINAL SECTION TILHOVGM TIIK ANTERIOR PART GF 
THE TRUNK OF 4 LARVA OF ACIVENSEE TO RILKW THX FosETION occUrMmD mY Tine 


‘YOLK, 
fn, intestine; st. stomach filled with yolk; s. asophages: 2 liver; At. hearts 


ch, notochord; »p-c. spinal cord. 


\ 
ed 


Fro. 67. Transverse section ramnocon 
‘THE RESON OF THE STOMACH OF A LAUVA OF 


Acirexsex 540M. 1% LEXOTH, 
#t. epithélinm of stomach; yk. 
notochord, below which ix a saba 


ap.¢, spinal cont; be, body cavity, 





yolk; eh. 
rod promeph: nsclo- 
; prem. row; do, Sorta; mp, mn! 
plate formed of large cells, the outer parts of 
which are differontiated into comtractile fibres ; 


hi Li 3 
ehind the duodenum. eva 


may either, as in the 
form 


ota, In cither case 
placed in front of the yolk. In 
the Stargeon on the contrary the 
yolk is placed almost entirely in 


stituting an appendage of the ali- 
ater trot, is completely en- 
closed in a dilated portion of the 
tract which becomes the stomach 
(figs. 56 and 57). Tt 
portion to au 
might be supposed 
true external yolk. 
lar hypoblast, i 
tablished on the 
the primitive m 
the beers 
t into a 
lose all truce of 
cellular structure. 
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diameter. They are invested by a tough double membrane, composed 
of (1) an outer Taper of somewhat Son bodies, realy cae 
which appear to be the remains of the follicular cells; and (2) of an 
inner zona radiata, the outer part of which is radiately striated, 
while the inner part is homogeneous. 

‘The segmentation, as in the Sturgeon, is complete, but approaches 
closely the meroblastic type. It commences with a vertical furrow at 
the animal pole, extending through sbout oue-fifth of the cireum- 
ference. Belore this furrow has proceeded further a second furrow is 
formed at right angles to it. The next stages have not been observed, 
but on the third ae after impregnation (fig. 58), the animal pole 
is completely divided into snail segments, which form a disc similar 
to the blastoderm of meroblastic ova; while the vegetative pole, 
which subsequently forms a lange yolk-sack, is divided by a few 
vertical furrows, four of which 
nearly meet at the pole opposite 
the blastoderm, The majority of 
the vertical furrows extend only 
a short way from the edge of 
the small spheres, and are 
tially intercepted by imperfect 
equatorial furrows. 

The stages immediately fol- 
lowing the segmentation are still 
unknown, and in the next stage 
satisfactorily observed, on 
fifth day after impregnation, the 
body of the embryo is distinetly 
differentiated. The lower pole 

Foo. 5% Svarsce vew or rue ovew Of the ovum is then formed of 
or Lermosrnvs wirn THe wars Re- a mass in which no traces of 
ova OX THX TIED GAY AVTER ITREO-  sooments or segmentation furrows 
bagi can be detected. 

The embryo (fig. 59) has a dumbbell-shaped outline, and is com- 
posed of (1) an outer area, with some resemblance to the area pellu- 
eida of an avian embryo, forming the lateral part of the body; and 
(2) a central portion consisting of the vertebral plates and medullary 
plate, The medullary plate is dilated in front to form the brain (6r). 

‘wo lateral swellings in the brain are the commencing optic vesicles, 
The caudal extremity of the embryo is somewhat swollen, 

Sections of this stage (fig, interesting as shewing a re- 
markable resemblance between Lepidosteus and MPeleoste, 

The three layers are fully established. The epiblast (ep) is formed 
of a thicker inner nervous stratum, and an onter flattened epidermic 
stratum, Along the axial line there is a solid keel-like thickening of 
the nervous layer of the epidermis, which projects towards the hypo- 

Dlast. This thickening (A/C) is the medullary cord; and there is no 
evidence of the epidermic layer being at this or any subsequent period 
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nw LEPIDOSTEUS. 
a ‘The nervous layer WM 
a eee the epidermis, it is 


already provided with e Nol deigad ono Posteriorly it re- 


mains in its earlier condition. 
In the region of the hind-brain traces of the auditory vesicles 
are nt in the form of 
tly involuted thicken- 
br ofl nervous 


The mesoblast of the 


pa is divided plist tenn 





poet 9 
Tn the next stage, on 
the sixth day after impreg- 
oe fig. 61), there is a 
vance in 
peter hy 
si ly a 
number ot easels 
Fw. 61. Exssro or Lerwosrevs ox tm mites are visible. The 
‘SIXTH DAY AFTER (MrhroNxaTion. body i is now leery ee 
io vesiches j bre. branchial elefls(thi +4. pressed and raised from the 
yolk. 
ea Br bro ag nd me feet "The region of the head 


is more distinet, and Inte- 
rally two streaks are visible (br.c), which, by comparison with the 
Sturgeon, would seem to be the two first. visceral clefts": pa 
not yet perforated. 
lateral regions of et oe 
the two segmental ducts are 
visible in surface views (fig. 
61, sd) occupying the same 
situation as in the Sturgeon. 
‘Their position in section is 
shewn in fig. 62, »g. 
With reference to the fea- 





alluded to, 
Fro, @2. Skotiox tHova! ‘TRUNK vesicles very 
4 avinoriaon onan ox nt NST BAY tlie te ie! 


Raman itgrowths of the 
» medullary ced ms. mesoblast; a, bat are sell solid, hough 
Sigsiatal tacky. ch, sutechord” w: sath nots, the anterior cerebral vesicle has 
chordal rod; hy. hypoblast. « well-developed Iumen, The 


* Thave as yet been unable to make out these stractures in section. 


p 
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Fis eae pest eae 2 of the vis- 
ceral and arches, The oral region is bounded behind by a well~ 
marked mandibular arch, which is separated we shallow depression 
from a still more prominent hyoid arch (fig. 65, h “ 
hyoid and mandibular arches a double lamella of 
represents the hyomandibular cleft, is continued from the throat to 
bred external skin, but does not, at this stage at any rate, contain a 
lumen. 

The byoid arch is prolonged backwards into a considerable 
cular fold, which to a t pai overshadows the branchial chests 
behind. The hyobranchial cleft is widely open, 

Behind the hyobranchial cleft are four pouches of the throat on 

each side, not yet open 

to the exterior. are 
the rudiments of the four 
branchial clefts of the 





form, and there is a well- 
developed dorsal fin con- 
tinuous round the end of 





= i he anterior and 
Frio. 65. Excunyo or Lerinosrxvs saronrzx nevonx terior portions of the ali- 
HATCHING. mentary tract are closed 


pe olfactory pit; si. suctorial dise; hy, hyoid in, but the middle region 
is still open to the 
The circulation is now fully established, and the vessels present the 
usual vertebrate arrangement, There is a large subintestinal vein. 
The first of Agassiz’ ears was Tatched about ten days after 
impregnation. The young fish on heclang immediately used its 
suctorial dise to attach itself to the sides of the vessel in which it 


was 
he ral form of Lepidosteus shortly after hatching is shown 
in Or On the Goes of the front of the bead is placed 
sinotony pit tos aye sad the endiery vadale; while 0 aaa 
ol it, the the auditory vesicle; while the projecti 
vesicle fa the midbrain is very prominent’ above. Behind the 
mouth follow the visceral arches. The mandibular arch (md) is 
on the hinder border of the mouth, and is separated by a 
groove from the hyoid arch (hy). This groove is connected with 
the iyomandibnlar le, bat I have fies byoll arch oe 
now perforat posterior border of the hyoi is prol 
into an opercular fold. Behind the hyoid arch are seen the tme 
branchial arches. 
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after about the lt Soe ee 
well d 


has considerably, and the gills have 
¢ most remarkable changes in the later periods are those of the 


The and lower jaws become gradually prolonged, till 
eventually form a snout; while per the Upper jaw i pal 


The “fleshy globular termination of the upper jaw of 
Lepidosteus is the remnant of this embryonic sucking disc.” (Agassiz, 


No. 92, 5 
Re fn-rn 8 become formed as in Teleostei, and parts of the con- 





“ 
Fadia oan aes perder! aleerteli bation the vena 
ue muninaais Ce i 


Brs.rourarny, 


AL. A, ‘iz. “Tho development of Lepidosteas.” Pree, Amer. 
tins ioe ae 


General observations on the Embryology of the Ganoids. 

The very hi ux character of the Ganoid is clearly 
shewn both in its embryology and its anatomy. The tru kn types of 
formation of the central nervous system are exemplified in the two species 
which have been studied, and these two species, though in accord in 
a holoblastic = eee yet differ in other Leaps features 
development, such as the position of the yolk ete, types exhibit 
‘Teleostean affinities in the character of the prone, but have 
been anticipated Lepidosteus presenta in the ie per eee 
the relations of the hypoblast, and other characters, closer approx: to 
the Teleostei than does Acipenser. There are no very promment Amphibian 
characters in the development of either type, other than a general similarity 
in the segmentation and formation of the layers, In the young of 
Polypterus an interesting amphibian and dipnoid character is found in the 
presence of a pair of true external gills covered by epiblast, bprscr i 
are attached at the hinder end of the operculum, and receive their 
from the hyoid arterial arch'. In tho peculiar suctorial diso of Lepi- 
dostevs, and in the more or less similar structure in the 
these fishes retain, I believe, a very primitive vertebrate organ, wl 
has disay in the adult state of almost all the Vertebrata ; but it 
is that further investigations will shew that the Teleostei, and 
especially the Siluroids, are not without traces of a similar structure, 


4 Vide Steindachner, Pelypterus Laprnde Hiyrt, « pst 
he.” Sits, Wiener Akad., Vou ux, em Tes 


CHAPTER VII. 
AMPHIBIA’. 


Tae eggs of most Amphibia* are laid in water. They are smallish 
nearly spherical bodies, and in the majority of known Auura (all the 
European species), and in many Urodela (Amblystoma, Axolotl, 
though not in the common Newt) part of the surface is dark or 
black, owing to the presence of a superficial layer of pigment, while 
the remainder is unpigmented. The pigmented part is at the upper 
pole of the egg, and contains the germinal vesicle till the time of its 
atrophy; and the yolk-granules in it are smaller than those in the un- 

igmented parts The ovum is closely surrounded by a vitelline mem- 
rane*, and receives, in its passage down the oviduct, a gelatinous 
investment of varying structure. 


In the Anura the eggs are fertilized as they leave the oviduct. 
In some of the Urodela the mode of fertilization is still imperfectly 
understood. In Salamanders and probably Newts it is internal‘; 


1 The following classification of the Amphibia is employed in the present chapter: 
pt 


Across. 
L Anura. PRANEROGLOBSA. 


Trachystomata. 
Proteide. 
{Amphiumide. 
1Menopomide. 
Amblystomide. 
Salamandride. 


PRRENNIBRANCHIATA 
IL Urodela. eam 


Myctopera | 


Ill. Gymnophiona. 

2 I am under great obligations to Mr Parker for having kindly supplied me, in 
answer to my questions, with a large amount of valuable information on the develop- 
ment of the Amphibia. 

3 Within the vitelline membrane there appears to be present, in the Anura at any 
rate, a very delicate membrane closely applied to the yolk. 

¢ Allen Thomson informs me that he has watched the process of fertilization in 
the Newt, and that the male deposits the semen in the water close to the female, 
From the water it seems to enter the female generative aperture. Von Siebold has 
shewn that there is present in female Newts and Salamanders a spermatic bursa, In 
this bursa the spermatozoa long (three months) retain their vitality in some Sala- 
manders, Various peculiarities in the gestation are to be explained by t 
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but in Amblystoma: neeiaraty (Clark, No, eater! tale deposits the 


oe Ey hoe hi ign beerpecti it Dae og aed 
ii ‘ewts they are deposited singly in the ofa 
lode of grams or leat a welee plant: Gat pea ea 

tum in masses con! from four eggs to two hundred. 


dra atra and maculosa are viviparous. The period of 
gestation for the latter species lasts a whole year, 


A good many exceptions to the above general statements bave been 


In Notodel; ‘ipara the transported (by the male!) into. 
ts sent oboge ale p pera | pubes 


rains, 
The eggs of Hylodes Martinicensis are laid under dead leaves in moist 
tuations. 


Formation of the layers. 


Anura, The formation of the germinal Ayoce a ee 
been studied in some Anura and in the Newt. ‘ deserip- 
tion applies to the Anura, and T bares called Piet at the end of 
the section, to the points in which the Newt is liar, 
The entation of the Frog’s ovum has already been described 
(Vol. 1. p. 78), but 1 may remind the reader that the 
st pyserles in the formation of a vesicle, the cavity of which is 
ea exeatoeeliy the roof of the cavity being eo 
the floor. The cavity is the segmentation cavity. The roof 
is yet of two or three layers of smallish pigmented cells, and 


oh, and tho literature of the subject vide “Amphibia,” 
k K. Hatiaum fa Doon Clnuen ned Oniamach ca a 
ant tet hnaeemotts translation of a note by Jisninea de In Rapadis 
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‘ial line which marks the junction between the cells 
eai'the gullet (Gg.70, a). ; agi 

‘The inflected cells become continuous with the tone 
and the region where the inflection is formed constitutes a kind of 
ofuivalont 1 the eteyoele sof tha incwiess) Saaa aa 

juivalent to the em! fic rim. 
the cavity beneath it is the rudiment of the mesenteron, 

The mesenteron now eh sane by the invagi of the 
cells on its dorsal side. These grow inwards s the segmen- 
tation cavity as a layer of cells several rows deep, At its inner end, 
this layer is continuous with the yolk-cells; ret is divided into two 
strata (fig. 71 A), viz. (1) a stratum of several rows of cells adjo 
the epiblast, which becomes the mesoblast (m), and (2) a stratum of a 
single row of more columnar cells lining the cavity of the mesenteron, 
which forms the hypoblast (hy). The growth inwards of the dorsal 
wall of the mesenteron is no doubt in part a true i ion, but 
it seems probable that it is also due in a large measure to an actual 
differentiation of yolk-cells along the line of th. The mesenteron 
is at first a simple slit between the yolk and the hypoblast (fig, 71 A), 
but as the involution of the hypoblast and extends further 


f which is separated y a narrow 

layer of qoceels from the entation-cavity (fig. 71 B). 
In the course of the involution, the memantine ea 
oblitera~ 


asin a 
typical epibolic gastrula, without being inflected to form a definite 
ay Whi i ieonatorelas ipersdi(et yiliilia Stl left uncovered, the 
whole of the edge of the epiblast becomes however inflected, as at 
the embryonic rim (fig. 71 Ay; and a circular blastopore is i 
round the whole edge of which the epiblast and intermediate cells 
A Fra ti races] lip of the Sastopore the’ eseecblast. (gaan 
iy vent iy the meaol ls 
derived from the pall fertd ediate cells, grows inwards till it comes 
to the segmentation-cavity ; the h being not so much due to an 
etal invagination of calls. sb lip of the blastopore, as to a 
differentiation of yolk-cells in sitn. Shortly after the stage repre~ 
sented in fig, 71 B, the plug of yolk, which fills up the opening of 
the blastopore, disappears, and mesenteron communicates freely 


el 
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with the exterior by a small circular blastopore (tig. 73). ‘The position 





Fi, TL, Disonaniaric voxorrunrsat sctions THnOVEM THE EatEKYO OF A FROG 
AP EMO HTAGES, TO SIREW TIN YoUNATION oF THE GENSUXAL tarens, (Modified from Gétte,) 
me etn pices of tw eet ft igpoblest at hoe deren ids of the Bl Untel 
and lastopore 5 
ah dmesenteron; 49, segmentation cavity, . 
of the is the same as in other types, viz, at the hinder 
na is tags the tres definite} 
stage t layers of the embryo are definitely esta- 
blished. The epiblast, consisting from the first of two strata, arises 
trom the small cells forming the roof of the segmentation-cavity. It 
becomes continuous at the lip of the blastopore with cells inter- 
eg between the cells of which it is formed and the yolk- 
These latter, increasing in number by additions from the yolk- 
ae ‘tye to the mesoblast and to part of the hypoblast; while to 
yolk-cells, as mentioned above, must also be 
cpneraing Their history will be dealt with in treat- 
syeaptey ‘the sane fate of the hypoblast. 
 Urodela. eae lapsed of the development of the Newt have been 


caress 
formation of layers is in the main the same as in the Frog. The 
1 is without black pigment: cn isa ge unsymmetrical in- 





‘Tho roof of the segmentation cavity is constituted, fae the 
of the segmentation, of several rows of cells (Bambeke, 


subsequently it would appear to be formed of a single row 
ae Osborn, No. 154). 


General history of the layers. 


Anora. At the completion of the invagination the 
@ continuous layer enclosing the whole ovum, and con- 
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stituted #1 tof two strata. The formation of the 

tuted throughout es pry ieee medullary 

peselp SON fathara. the peesiog eae 
era. pooner et a a 


ee 
= 
gtk 
aH 
fl 
ae. 
ite 
a i 
gighs 


if 
Fe 


‘inal canal 
ial et which they first meet is nearly at the junction 
brain and spinal cord, and froin this point Their junction 
backwards and forwards; but the whole process is so ces Hee 
closure of the medullary canal for its whole length is 
simultaneously, In front the medullary canal ends blindly, but behind 
it opens freely into bs mall persisting with the lips of 
which the medullary folds become, as in o types, continuous, 
Fig. 73 represents a longitudinal section through an embryo, shortly 


i 





Hi. 72. Teassvense section THROUON THR POBTERIOR CKPMALIC REGION OF 
Ax Fanny xnnro or Boxniwator, {Afver Gotte,) 


after the closure of he iy — (no); the opening of which 
into the blastopore (i) is aah Ps 

On the closure of the medullar: ron its walls become separated 
from the external epiblast, which vor above it as a continuous 
layer. In the formation of the central nervous system both strata of 
the epiblast have a share, though the main mass is derived from the 
nervous layer, After the central nervous tube has because spas 
from the external skin, the two layers forming it fuse together; but 
there can be but little doubt that at a later period the epidermic 
layer separates itself again as the central epithelium of the nervous 


Both the nervous and epidermic strata have a share in forming the 
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rated from the hypoblast as the notochord. Against this view Gitte 
has recently strongly protested, and given a series of careful repre 
sentations of his sections which certainly support his original sc- 
count. 
My own observations are in favour of Calberla's statement, and so far 
as I can determine from my sections the mesoblast never appears ax a 
Seater Nadal | but ia-always deGcient in’ she Goal taal 


not founded on a sufficient series 
basses te eaats the peiah doduitely 
Sn Oe Se tla Serge 72), the mesoblast may 
be regarded as coi of two, lateral plates, continuous 
but separated in the median dorsal line. By the division of the 
parts of these plates into segments, which commences in the 
of the neck and thence extends backwards, the mesoblast of the 
trunk becomes divided inte a 


segmented portion (fig. 74). 

The his! f these two parts 
and of the pet tes 
the same as in Elasmobranchs. 


The mesoblast in the head be- 


confusion into which Gottolas fallen 
from moe 70 recognizing ning oe epee 


origin nerves, 
statements on this tod ae 
think, be accepted with 





ee PMG oof yolk-oell mesoblast-cells, 
thelial cells into yolk-cells ; d_ i y is into 
Wamealipteene aicoy tin oer jason ae Soa ars 
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#5 
“il 
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is 
is 
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bravehii, viz. one in fot of the mony nl one in ni 
one in each of the following arch 
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Eee Spin be apparently donled by Gate, WAC Riaee 
stages of transition between yolk-cells and hypoblast-cells I cannot doubt 
the fact of its occurrence, 
a first, Ca SUPS Sealy onetene with the exterior 
opening of the blastopore. ips Baste pore irra 
ly approximate, and form a narrow on the dorsal side of 
which the neural tube asa aly bon esrb (fg, 73) 
‘The external openi: this passage finally becomes 
and the passage itself is left as a narrow a a te 
the hind end of the mesenteron into the neural canal 5). Te 
forms the post-anal gut, and gradually narrows and fi atrophies. 
At its front border, on the ventral side, there may be ess 
slight ventrally directed diverticulum of the alimentary tract, 
first becomes visible at a somewhat earlier stage (fig. 73), This 
diverticulum becomes longer and meets an invagination of the skim 
(fig, 76, an), which arises in Rana temporaria at a somewhat earlier 
period than represented by Gétte in Bombinator. This epiblastie 
invagination is the proctodieum, and an anal perforation eventually 
The difercntiton uf the binder eud of th preanal gut proceeds 
ie differentiation of the hi e the 
in the same fashion as that of the front end, though somewhat later. 
[t gives rise to the cloacal and intestinal part of the alimentary tract. 
From the ventral wall of the cloacal section, there grows out bifid 
allantoic bladder, which is probably homologous with the allantois of 
-the higher Vertebrata. After the differentiation of the ventral wall 
of the fore and hind ends of the alimentary tract has proceeded for 
a certain distance, the yolk only forms a floor for a restricted 
median region of the alimentary cavity, which corresponds to the um= 
bilical canal of the Amniota, The true hypoblastic epithelium then 
grows over the outer side of the yolk, which thus constitntes a 
true, though small, and internal yolk-sack. The yolk-cells enclosed 
in this sack become gradually bested and the walls of the sack 
form part of the intestine. 


General growth of the Embryo. 

Anura, The pyriform medullary plate, already described, is the 
first external indication of the em! This plate about 
the stage represented in longitudinal section m fig. 71B. The 
feature most icuous in it at first is the axial groove. It soon be- 
comes more prominent (fig. 77 A), and ends behind at the b 
(b}), the lips of which are continuous with the two med 
As the sides of this plate bend upwards to form the closed 
canal, the embryo elongates itself and assumes a somewhat | 
form. At the same time the cranial flexure becomes apparent (fig. 73), 
and the blastopore shortly afterwards becomes shut off from_ the 
exterior. The embryo now continues to in length (fig. 77 B), 
and the mesoblast becomes segmented. The somites are first formed 
in the neck, and are added successively behind in the unsegmented 
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thickened epiblast. There is a pair of these discs, one on each 
side, but only one of them is shewn in the figure. At a later period 


to the confinement of the larva within the membrane, At the 
front of the head the olfactory pits become distinct. The stemo- 
dwum deepens, though still remaining blind, and three fresh 
branchial arches become formed ; the last two being very imperfectly 
differentiated, and not visible from the exterior, are thus six 
. arches in all, viz. the mandibular, the 
hyoid and four branchial arches, Between 
the mandibular and the hyoid, and between 
each of the following arches, of 
the mesenteron push their way 
the external skin. Of these pouches: 
are five, there being no pouch behind 
last branchial arch. The first of these 
form the hyomandibular cleft, the 
the hyobranchial, and the third, 
fifth the three branchial clefts. 
Although the pouches of the 
meet the external skin, an external 
ing is not formed in them till after 
larva is hatched. Before this takes 
there grow, in the majority of forms, 
the outer side of the first and 
branchial arches small processes, each form- 
ing the rudiment of an external gill; a 
similar radiment is formed, either 
. orafter hatching, on the third arch; but the 
fourth arch is without it (figs. 80 and 82), 
These external gills, which differ fun- 
enero gis neon papel 
mi in bei 
- soon elongate end torn branched ciliated 
; Processes floating freely in the medium 
around the embryo (fig. 80). 
Before hatching the excretory be 
ins to aan The duct is 
dort sido of th body cavity (Og. TO.8h 
a} 
alone remains open to 
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flee 
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forming a cavity, Selig Retro as tba aie oaleomey , in which the. 

are placed. Each branchial cavity at first a separate 
pore behind (fig. $0), and in Destylathra botle Ieeannital 4 Resrge 
Seated ea Tn the larva prbeeee tit and it would 
seem it of Pelod. ec widish To ee 
of the two tls vba hee i 





a opening of the | 
an ae ee 
Lrtopd i are placed the two: sucke Spee Meer 
mouth are yl two m 3s i 

ana ind these re seen the ls TOS teal gp ae 
Sh oad ing the water is taken in 
at the mouth, passes through the Lennala ec alex into the branchial 
cavities, and is thence carried out by te arabs 

Immediately after the oa of branchial cavities, the 
eee external gills atrophy, but in their place fresh usually 

led internal gills, appear on the outer side of the middle region of 

the four branchial arel 


gills, which are vascular processes of the mesoblast, covered, according 
to Gotte, with an epiblastic (?) epithelium, branchial processes appear 
on the hypoblastic walls of the three branchial clefts, The last-named 
branchial proces would appear to be homologous with the gills 
Pin Dart Dactylethra no other gills but these are formed 
mouth, even before the tadpole begins to fo acquires a 


transversely oval form (fig. $1), and mes armed wil 
structures in the form of a horny beak and teeth, which are in use 
during larval life. 


hee Seed of pair of horny lites monlied oe ee 
lowor pairs of labial cartilages. ‘The upper valve of the beak ix larger 
of the two, and covers the lower. The beak is surrounded by « projecting 
lip formed of a circular fold of skin, the free edge of which ix covered by 
papille. Between the papille and the beak rows of horny teeth ane 
placed on the inner surface of the lip. There are usually two rows of these 
on the side, the inner one not coutinuous across the middle line, and 

oe fot sows on the [ower side, cha faner cos or éwa aiviahd Steam 
lateral parts, 


As the tadpole attains ita full develo t, the suctorial 
behind the mouth gradually atrophy. The thee ich 
is (Gig: 81) af first short, repidly fills up with its 
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surface, and the front limbs (fig. 82, 6). With these external 
peice zuipociant internal modifications of the mouth, the vascular 
system, the visceral arches take place. piles 


the carnivorous 
(fig. 82, 6, 7, 8). 


The above 
ita oe eae 
Frog 


phosis of the 
mt ee 


te 
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tion of the adult. The 
Fro, 82. Tanrones (hoe hivat) ‘THe commwox Fnoo, a 2 tof 
1, Recently-hatebed Tadpoles twice the natural size. morphosis which these 
2. Tadpole with external gil, 2a. Same enlarged. forms pass through is 
Hand 4. Later stages after the enclosare of the gills bY the egy is still a matter 
tho operenlar membrane. 3, Stage with well. ot eon eee 
Feri aie "PTR asp ooy arnt Maren 
le. 7. a 
the tail. 8. Young Frog, 7°. one of these forms: 
The larva no doubt 
acquires within the a long tail; but while Bavay' states that it is 


provided with ex! gills, which howover are not covered by an oper- 
culum, Peters* was unable to see any traces of such structures, 
In Pipa Amoricana, and apparently in Pipa dorsigera also if a distinet 
ies, the mere veares tie oan the back of the mother in a condition 
josely resembling the adult, ‘The embryos of Loth species de a 
tail in the egg, which is absorbed before hatching, and according coleman 


+ Annat de Sciences Nata, Sth Series, Vol. xvtt,, 1878, 
4 Bertin, Mowatsberit, 1876, p. 208, and Nature, Apel 6, 1877. 
2 Proceed. of Boston Nat. Hist, Society, Vol. ¥., Y8S4. 
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Urodela. apes the nt time complete 
development of the U: are confined to the Myctodera*, 

The early stages are in the main similar to those 
The body of the embryo is, as pointed out by Scott and 
trally instead of dorsally flexed. The metamorp! ii 
complete than in the Anura, The larva of Triton may be 
typical. At hatching, it is provided with a powerful swimmi: 
bearing a well-developed fin: there are three pairs of gills 
on the three anterior of the true branchial arches, 

Between the hyoid and first branchial arch, and between the 
branchial arches, slits are developed, there oe four slits in 


these 

their appearance. The hyomandibu 
suckers, of the same nature as the suckers of the Anura, are 
the ventral surface behind the mouth. A small opercular 
loped from the lower of the hyoid arch, covers over 
the gills. The suctorial mouth and the provisional horny 
Anura have no counterpart in these larva, The skin is cili 
the cilia cause a rotation in the egg, Even before ing, 
rudiment of the anterior pair of limbs is formed, but the 
are not developed till a later stage, and the limbs do not i 
any size till the larva is well advanced. In the course of 
sequent metamorphosis lungs become developed, and a 

jration takes the place of the branchial one. The branchial slits 
at the same time close and the branchiw atrophy. 
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* In confirmation of this view it may be mentioned that in Pipa Americana the 
ne a eee 

* The recent obserrations on. apd fo. 84) 
ca Svlten, Of Lambake (Ro pa) cu orkote urecee of Tiiien ant the Aawieih sod 
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as suggested by Weismann’, that the exi 
Lr ccormticane of toatytiemn cee, visa re rarer 
tage. In favour of this nt a very interesting discovery 
may be cited. He found in a pond in a marsh uear Audermat 





ib he possible artificially to cause the Newt to revert to a perenni- 
ethan 3 


Panera: The development of the Gymnophiona is almost 
unknown, t it is certain that some larval ees hes provided with 
a single gill-cleft. while others have external gills. 
A gill-cleft has been noticed in ed tie glutinosum (Miller), 
and in Ceecilia ox we ha In Cecilia coi la, Peters (No, 108) 
any trace of a aill-ceft, but he observed in the 
laryw within the uterus two elongated vesicular gills. 
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CHAPTER VIII. 


AVES. 


INTRODUCTION. 


THE variations in the character of the embryonic development 
of the Amniota are far less important than in the case of the Ichthy- 
opsida, There are, it is true, some very special features in the early 
eovelopmental history of the Mammalia, but apart from these there 
is such a striking uniformity in the embryos of all the groups that 
it would, in many cases, be difficult to assign a young embryo to 
its proper class, 

Amongst the Sauropsida the Aves have for obvious reasons re- 
ceived a far fuller share of attention than any other group; and an 
account of their embryology forms a suitable introduction to this 
part of our subject. For the convenience of the student many parts 
of their developmental history will be dealt with at greater length 
than in the caso of the previous groups. 


The development of the Aves. 


Comparatively few types of Birds have been studied embryo- 
logically. The common Fowl has received a disproportionately large 
share of attention; although within quite recent times the Duck, the 





Fis, 85. Youx runwents ynow tax xu or THE FowL. 
A, Yellow yolk. B, White yolk. 
Goose, the Pigeon, the Starling, and a Parrot (Melopsittacus undu- 
latus) have also been studied. ‘The result of these investigations has 
been to shew that the variations in the early development of ditferent 
Birds are comparatively unimportant. In the sequel the common 
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Fowl will be employed as , attention being called when 
Veer a peat er forms. pia heehee: 
The ovum of the Fowl, at the time when it is clasped by the ex- 
panded extremity of the oviduct, is a pfellawr tote acilceadite a 
Vitelline membrane. It is mainly formed of spherules of food-yolk. 
‘Of these there are two varieties; one known as Bere sis and the 
other as white. The white yolk spherules form a mass at the 
contre Be the ovum, which is eae a Me eared ‘ narrow 
stalk, and there expands into a somew' innel-shaped disc, the edges 
of which are continued over the surface of the ovum as a delicate 
layer. The major part of the ovum is formed of yellow yolk. The 


low yolk consists of delicate spheres, filled with small 
granules (fig. 85 A); while white yolk is formed of vesicles of a 
smaller size than the yellow yolk in which are a variable 


number of highly refractive bodies (fig. 85 B). 
Tn addition to the yolk there is it in the ovum asmall proto- 
ic region, containing the remains of the germinal vesicle, which 
the germinal disc (fig. 86). It overlies the funnel-shaped dise 





Fro. 86. Sxcrion muxover THe oxwAxAL Disc OF THE RIPE OVARIAN OYUM OF A 
Fown watun yer xxctonen iy Ime cArsuLa, 


a, Conneetive-tissuc of the oram; 2. epithelium of the capsule, at the 
wurface of which nearest ovum lies the vitelline membrane; ¢. granular material 
of tho | which becomes converted into the blastoderm. tas liad 


passes insensil 
pe ee 
germinal 


of white yolk, into which it is continued without any marked line of 
demarcation. It contains numerous minute spherules of the same 
nature as the smallest white yolk spherules. 

Impregnation takes place at the upper extremity of the oviduct, 


In its outwards the ovum gradually receives its acces- 
sory %) in the form of albumen, shell-membrane, and shell 
Ce tation commences in the lower part of the oviduct, 


ee being ohne) to tea ened te oak the fll depth 
i ing confined to the germinal disc, throu; fu 

of which however the earlier icin do not extend. It is Bea 
ema for being constantly somewhat unsymmetrical (Kélliker) 
—a feature which is not represented in fig, 88, copied from Coste. 


122 SEGMENTATION. 
Owing to the absence of symmetry the cells at one side of the ger- 





minal dise are larger than those at the other, but the relations between 


> 


a a c 
Fro. 63, SURVACE TiRWs OF THE KARLY STAGKS OF THX KmGMENTATION Ux 4 Fow's noc. 
a, edge of germinal diso; 6. vertical furrow; c. amall central segment; d. larger 
otis rt letas Goel el aba During the later 


the segmentation is irregular, and not confined to the surface ; 
Sink its close the germinal dise becomes somewhat lenticular 





a FORMATION OF THE LAYERS. 


single row of columnar cells (ep). The lower or hypoblast segments 
are , in some cases much larger, than those of the epiblast, 
and are 30 lar that their nodal can only with difieetty. be 
‘seen. They & somewhat irregular mass, several layers deep, and 
thicker at the periphery than at the centre: they rest on a of 
white yolk, from which they are in i separated by amore ot ee 


Fro, 91. Sxcrtox of a nrastonmme or 4 Fown’s noo at rie 
* cnnmyceumst or Ixcumatiox. 

‘The thin epiblast ep composed of columnar cells rests on the 

lower _Inyer J, composed of ‘and more valar 

pypeblect itr ha ere tee fe leader te sone loses am tn 

oi eo The tine below the 

ander the upper surface of white yolk, The larger 


E 
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those in Elasmobranchii. ly 
numerous in the neighbourhood of the thickened peri- 


lower cells, which superficially resem the 


Pre 


ed 

parency, and 
as the area pellucida, narrow darker ring of 
erm, outside the area pellucida, is the com- 
area 


iinet of aoetiatios the blastoderm under- 


a series of changes, which end in the definite 
ion of three germinal la: and in the esta- 


in the case of the common Fowl during the first day 
and the early part of the second day of incubation. 


‘There is harilly any question in development which has 
been the of so much controversy as the mode of 
formation of the germinal layers in the common Fowl, The 
differences in the views of authors have been caused to a 
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the posterior part of the area pellucida, and give rise to the opacity 
of that part. 

At the edge of the area pellucida the hypoblast becomes con- 
tinuous with a thickened rim of material, underlying the epiblast, and 
derived from the orginal thickened edge of the blastoderm and the 
subjacent yolk. It is mainly formed of yolk granules, with a varying 
number of cells and nuclei imbedded in it. It is known as the 
germinal wall, and is spoken of more in detail on pp. 182 and 133. 

The changes which next take place result in the complete differ- 
entiation of the embryonic layers, a process which is intimately con- 





Fro, 98, Disomaws ri.cerearine Tire POSITION OF THEE NLASTOTORE, AND TICE RELATION 
OF THE EMAAYO TO THE YOLK I$ VAMOOK MABORLANTIC VERTENRATE OVA. 


A. Type of Frog. B, Elasmobranch type. ©, Amniotic Vertebrate. 
my. medullary plate; ne, nourenteric canal; bl. portion of blastopore adjoining the 
nourentorie canal. In B this part of the blastopore is formed by the edges of the blasto- 
dorm meeting and forming a linear streak bebind tbe embryo; and in C it forma the 
structure known as the primitive wreak. yk. part of yolk not yet enclowd by 
the blastoderm. 


nected with the formation of the structure known as the primitive 
streak. The meaning of the latter structure, and its relation to the 
embryo, can only be understood by comparison with the development of 
the forms already considered. The most striking peculiarity in the first 
formation of the embryo Bird, as alao in that of the embryos of all Am- 
niota, consists in the fact that they do not occupy a tion at the edge 
of the blastoderm, but are placed near tts centre. hind the embryo 
there is however a peculiar structure—the primitive streak above men- 





through middle primitive streak. pos. primitive 
Rei eer tei ara 
nm of rounded cells from the epiblast. In the v 
streak, of which fig. 95 is a section, the roun 
continuous it with the epiblast, but they form 
the rudiment of the greater part of a sheet of meso- 
will soon arise in this region. 





=| 





198 THE PRIMITIVE STREAK. 


Tn addition to the cells clearly derived from the epiblast, there 
are certain other cells (vide fig. 95), closely adjoining the Cie 
which to me to be the derivatives of the interposed between 
the epi and ieee which gave rise to the posterior opacity 
in the blastoderm during the previous stage. In my opinion these 
cells also have a share in forming the future mesoblast. 

‘The number and distribution of these colls ix subject to not inconsider- 
able variations. In a fair number of cases they are entirely congregated 


line 
ite free. They then form a In; Seale males ecg On 
tanga from the cells derived from the epiblast by slight peculiari- 
ties init considerable ion of large 


cells of the previous stage 
blast. Tn other instances, of which 


Fe 
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blastoderm; but its hinder end in 
many instances does not extend to the 
peer border of the area pellucida. 
median nts ake pore 
becomes mark. a shallow groove, 
Fra, 06. Benrice view oF TH Lnown as the primitive groove. 
AKA PELLUCEDA OF A CHICK’ DLASTO* During ‘hess ange tA external 


a there grow from the sides 
the primitive streak two lateral 
wings of mesoblast cells, which gradu- 
ally extend till they reach the sides of 
the area pellucida (fig. 97). The meso- 
blast still remains attached to the epi- 
blast along the line of the primitive streak. During this extension 
many sections through ig ve streak give an impression of the 
mesoblast being involuted at the lips of a fold, and so support 
the view above nded, that the primitive streak is the rudiment 
of the lips of the blastopore, The hypoblast below the 
primitive streak is always quite independent of then mesoblast above, 
though much more closely attached to it in the median line than at 
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Shortly Shortly sfterwards, ata slighty later stage than that caveiie’ 

ii it t the constitution of the 

in fig. 96, an importan' eos ee 

it is at first 98), bi up into (1) a layer a 
ah row recap oe Rete abe th 





‘Fis. 99. TRAXSvENSH SECTION THROUON THE EMMRYONIC BEOION OF TiKK NLANTO- 
THE FORMATION OF THY MEDULLANT GhooTE axD 


eo 
(oh aogier farsa neng leita iether piece jorge ah 


due to a special concentration of cells in the of a cord. This 


H nile in 
other instances, and always apparentl: a the Game , No. 127), 
the notochord appears to become diferentinted i in the already 
rated layer of mesoblast. tal crete motchord ani the hype 
dalose Se wna ard the streak; with which 
also the two lateral prs ba continuous. 

Brom What hax just been said it is clear that in the region of the 

embryo the mesoblast originates as a Seen it off from 
the hypoblast, and that inates as a median plate, 
simultaneously with the bern with which it may sometimes be 
at first continuous. 


Killiker holds thut the mesoblast of the region of the embryo is 
derived from a forward eae itive streak, There Lah 
theoretical objection to this view, and it would be impossible to 
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GERMINAL WALL. 


folds—the medullary folds—enclosing between them a medullary 


groove (fig. 101), 
Tu fre ! 


t the two medullary folds meet. while posteriorly they 


thin out and envelop between them the front end of the 


itive 


streak. On the formation of the medullary folds the embryo assumes 


# form not unlike that of the embryos of many Ichth, 
corresponding stage. The appearance of the embryo, 


ypsida at a 
its relation 


to the surrounding parts is somewhat diagrammatically represented in 





Fro, 102, Serrace view ov rir 
PRUUCED ARKA OF & BLARTODERM oF 18 


the oa di the 
Timid of the pilot area 
it the hinder part of the area 


fig. 102. The primitive streak now 
ends with an anterior swelling (not 
represented in the figure), and is 
usually somewhat unsymmetrical. 
In most cases its axis is more 
nearly continuous with the left. or 
sometimes the right, medullary fold 
than with the medul groove. 
In sections its frout appears 
as « ridge on one side or on the 
middle of the floor of the widened 
end of the medullary ve, 

The mesoblast and hypoblast, 
within the area pellucida, do not 
give rise to the whole of these two 


layers in the surrounding area 
opaca; but the whole of hy- 
blast of the area opaca, and a 


jon of the mesoblast, and 
aay even some of the epiblast, 
take their origin from the liar 
material already spoken of, which 
forms the germinal wall, and is 
continuous with the hypoblast at 
the edge of the area opaca (vide 
figs. 91, 94, 97, 98, 99, 100). 


‘The exact nature of this material 
hus been the subject of many con- 
troversies, Into these controversies 
it is not my to enter, but 
subjoined are the results of my own 
examination. The germinal wall firat 
consists. as already mentioned, of the 
lower cellk of the thickened edge of 
the blastoderm, and of the subjacent 
yolk material with nuclei. During 
the period before the formation of the 
primitive streak the epiblast extends 
itself over the yolk, partly, it appears, 
at the expense of the cells of the 
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gives rise to the time which eventually forms the area vaxculcea. It seems 
robable that the mesoblast in this sitaation is mainly derived from cells 
fried around the nuclei of the germinal wall, which are usually specially 
close below the epiblast. Disse (No. 122) has especially brought 

evidence in favour of this view, and my own observations also support it, 


The mesoblastic somites begin to be formed in the lateral plates 
of the mesoblast before the closure of the medullary folds. The 
first somite arises close to the foremost extremity of the primitive 
streak, but the next is stated to arise in front of this, so that the first 
formed somite corresponds to the second permanent vertebra’, The 
region of the embryo in front of the second formed somite—at 
first the largest part of the embryo—is the cephalic region. The 
somites following the second are formed in the regular manner, from 
before backwards, out of the unsegmented posterior part of the 
embryo. which rapidly grows in length to supply the 
material (fig. 103), As the somites retain during the early aa 4 
of development an approximately constant, breadth, their num! 
is a fair test of the length of the trunk, With the growth of the 
embryo the primitive streak is continually carried back, the length. 
eving of the embryo always taking place’ between the front end 
of the primitive streak and the last. somite; and during this process 
the primitive streak undergoes important 
changes both in itself and in its relation 
to the embryo. Its anterior thicker part, 
which is enveloped in the diverging me- 
dullary folds, soon becomes distinguished 
in structure from the part behind this, and 
placed symmetrically in relation to the 
axis of the embryo (fig. 103, apr), and at 
the same time the medullary folds, which 
at first simply diverge on each side of the 
primitive streak, bend in again and meet 

hind so a3 completely to enclose the front. 
part of the primitive streak. The region of 
the embryo bird, where the medullary folds 
et is known as the sinus rhomboid- 
Fw, 108, Doman view or #i8, though it has no connection with the 
Tix takvexen mastopeme or Similarly named structure in the adult. By 
4s cnck wire rive mesontas- the time that ten somites are formed the 
Tic sores, THE XHDULLAKY sinus rhomboidalis is completely established, 
THE ExYexr, ner save xor #0d the medullary groove has become con- 
UNTERD. verted into a tube till close up to the front 
_ apr: abterior part of the end of the sinus. In the following stages 
Per art or the’ rimbive the closure of the medullary canal extends 
streak, to the sinus rhomboidalis, aud the folding 











| Purther investigations in confirmation of this widely aecapted statement are very 
esirable, 
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off of the hind end of the embryo from the yolk commences. Co- 
incidently with the last-named changes the sides of the front part of 
the primitive streak beeome ie ae and give rise to conspicuous 
inguishabl. faved. Th ty hinder ‘ Sonia eatin 

ais L © apparent of the primitive 
ee 2 dpa etugd ta the sequel, folded 


This is « convenient place to notice remarkable appearances which 
present themselves close to the junction of the neural plate and the 
tive streak, strreseiare tnenporarypesmages. lecling.fni2a) Uae hice Be Ge 
cana 


Beer eile ann, Sh appaate. that JL ts ene there may be 
severn] openings of the kind, which Te Ne ah ts and her 
close again. were first acy see Gasser (No, 127). In all cases" 
they lead round the jor ond of ‘the notochord, or through the point 
where the notochord falls into the primitive streak. 

If the primitive streak is, as I believe, formed of the lips of the blasto- 
pore, ae ai) be but little doubt that these structures are disappearing, 
and functionless rudiments of the opening of the blastopore, and they thus 
Jond ees to my Mattes the nature ee a eetitecon 
part, witl neurenteric is 
from the eee easels below. Till their relations have been more 
pally worked out it is not possible to give a more definite explanation of 


A ee ae (No. 120) three nt communications are to 
be aeriae ae Thea uten davtoned DADE The first of 
these is a small raat diverticulum leading from the neural groove 
through the regret t in visible when eight mesoblastic somites are 
present, 


tract ( SE behind the it where the neurenteric com 
=o with the neural plan latter structure peep eyee and 
@ groove on the surface of the primitive streak is continued backwards 
from it for a short distance (C). The io ah a this passage to appear 
is the hypoblastic diverticulam above mentioned. 

This paxsage does not long remain open, but after its closure, when the 
tail-end of the ombryo has become folded off from the iF, Sin pees 


‘medullary canal into the post-anal It is shewn in 
fig, 106, ive, and, ax may be gat] pelea Se ty reat 
ws the neurenteric canal of fie Ichthyopsida, 


+ This does not appear to be the case with tho anterior openiu, atv 
undinlatus, though its tatelalicsis Grech leks ota Biante Geer pace {ale, se 
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been described by Gasser, which appears 
pesespalgeall weoreere ies 5 


Foo, 104, Foun TRaNsvEnse AncTIONS THROUOM THE NEURENTKRIC PASEAGE AND 
ADJOINING PARTS IX A DUCK EMBRYO WITH TWENTT-SIX MEROBLASTIC #OMITEHS. 


A. Section in front of the neurenteric canal sbewing # Inmen in the notochord. 
B. Section the passage from the med canal into the notecbord. 
c faction since tee is of perarg why 


D. Primitive streak immediately behind the opening of the neurenterie passage. 
mc. medullary canal; ¢p. opiblast; Ay. hypoblast; ef. notochord; pr. primitive 


groove and is formed by the conversion of this groove into a 
canal. rl ra rt Ara ble becomes closed, und then 


the chick there is a tion on the floor of the neural canul, 
is marked as these in the goose or duck, and never 
in « complete continuity between the neural and alimentary tracts ; 
simply leads from the floor of the neural canal into the tissues 
tailewelling, and thence into a cavity in the posterior part of the 
chord. Series ee reaealane 0 Ne eee renal sing ee 
ok, und is 

in the 

arises when about twelve somites are present, Wo led by Braun 


ae 


Primitive neurenteric canal, which in the ancestors of those forms porsisted 
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haces and certainly Reet is manele es to 
increased o em] increase in length, 
which (with the ipl aoe 

the hind end. 


of 
still pretty Tn the stages, as is clearly demonstrated by th 
facie tibet of the | rimitive atreak con eat eam 
{he pentorioe part and nck that sijoining the onbrya. 
The 


F 
é 
F 


General history of the germinal layers. 
The epiblast of the body of the embryo, though 


several rows of cellx deep, does not become divided into two strata 
till late in embryonic life; so that the of sense formed from 


Tt is completed in the Fowl by about the time that twelve meso- 
blastic somites are formed. 

The mesoblast. ‘The general changes of this layer do not exhibit 
any features of special interest—the division into lateral and verte- 
nas ete, being Ree same as in the lower forms, 

hypoblast. The re of the alimentary canal is entirely 
effected by « process of tucking in or folding off of the embryo from the 
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is in fact a well-developed post-anal section of the gat (fig. LUG, p.a.g), 
which corresponds 
with that in the 


(p. 135), a neuren- 
teric canal is pre- 
ment onneeinag 
post-anal gut wi 

the medullary tube 
in the duck, fowl, 
and other birds, 


xan forssten roo of an vurevo bine ir'ves ina ors oF post-anal gut 
PORMATION OF THE ALLANTODS. there are at first 
rp. cpillast; Sp.c, spinal canal; ek. notochord; me, two prominences. 
nenrentvric canal; hy. hypoblasts 9 Post-anal gat; pr. ‘The posterior uf 
romaine of primiti ive fi in th wet sl thee ef i of 
formed; joe. peti cavity; om, amnion; #0, somato- the tail- 
Fcglinakoopieure “ Frallice eae a 
therefore derived 
from the t anterior part of the primitive streak. The anterior 
is formed what was originally the apparent posterior part of the 
primitive streak, The post-anal gut becomes gradually less and less 
prominent, and finally atrophies, 


General development of the Embryo. 





yolk-sack. 

‘The general appearance of the embryo between the 80th and 40th 
hours of incubation is shewn in fig. 108 from the upper surface, and 
in fig. 109 from the lower. The outlines of the embryo are far bolder 
than during the earlier stages. Fig. 109 shews the nature of the 
folding, by which the embryo is constricted off from the yolk-sack, 
‘The folds are complicated by the fact that the mesoblast has already 
become split into two layers—a splanchnic layer adjoining the hypo- 
blast and a somatic layer adjoining the epiblast—and that the body- 
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cavity between these two layers has already become pretty wide in 
the lateral parts of the body of the embryo 
and the area pellucida, The fold by which 
the embryo is constricted off from the yolk- 
sack is in consequence a double one, formed 
of two limbs or laminm. an inner limb con~ 
stituted by the splanchnopleure, and an 
outer limb by the somatopleure, The re~ 
lation of these two limbs is shewn in the 
diagrammatic longitudinal section (fig. 105), 
and in the surface view (fig. 109) the 
splanchnic limb being shewn at af and 
the somatic at so, Between the two limbs, 
and closely adjoining the splanehuopleure. 
is seen the heart (ht), At the stage figured 
the head is well marked off from the trunk, 
but the first separation between the two 
regions was effected at an earlier period, Fin. 107. Doraat view ov 
on the appearance of the foremost somite 7 Mauwrxep piasropene ov 
(fig, 107). Very shortly after the cephalic 4, "Uitave tun senortane 
region is established, and before the closure yorna mave seer rou rant ov 
of the medullary folds. the anterior part 7#*™ exrext, pur wave Nor 
of the neural canal becomes enlarged to “*'™*”* 
form the first cerebral vesicle, from which jeaheatnn ne cf 
two lateral diverticula—rudiments of the part of the primitive tok 
ptic lobes—are almost at once given off 
(tig. 108, op.v). By the stage figured the cephalic part of the neural 
canal has become distinctly differentiated into a fore- ((-b), a mid- (mb) 
and a hind-brain (4.5); and the hind-brain is often subdivided into 
successive lobes. In the region of the hind-brain two shallow epi- 
blastic invaginations form the rudiments of the auditory pits (au. p). 
A section through the posterior part of the head of an embryo of 
30 hours is represented in fig. 110. The enlarged part of the neural 
tube, forming the hind-brain, is shewn at (hb). It is still connected 
with the epidermis, and at its dorsal border an outgrowth on cach 
side forming the root of the vagus nerve is present (ng). The noto- 
chord (ch) is seen below the brain, and below this aun the crescentic 
foregut (al). The commencing heart (At), formed at this stage of 
two distinct tubes, is attached to the ventral side of the foregut. 


On the dorsal side of the foregut immediately below the notochord is 
soon a «tnall body (x) formed as a thickening of the hypoblast, This may 
powsibly be a radiment of the subnotochordal rod of the Tchthyopsida, 


Tn the trunk (fig. 108) the chief point to be noticed is the com- 
plete closure of the neural canal, though in the posterior part, where 
the open sinus rhomboidalix was situated at an earlier stage, there 
tay still be seen a dilatation of the canal (fig. 108, «r), on each 
side of which are the tail-swellings; while the mesoblastic somites 
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stop short somewhat in front of it. Underneath the neural canal may 
be seen the notochord (fig. 109, ch) extending into the head, as far as 
ee Ce a ts the en fearhe hy ue sea the 
soblastic somites (pv), the outer edges of which mark the boundary 
n the faligtion and lateral . A fainter line can be seen 
off the part of the lateral plates which will become part of 
that which pertains to the yolk-sack. 
half of the second day, and during the third 
made in the folding off of the embryo. Both 
of the em ine quite distinet, and 
rf h considerable that the embryo is 
saeneeel with the yolk by a stalk. This stalk is double, 
an inner splanchnic stalk, continuous with the walls 
and an outer somatic stalk, cumtinuous with 
of the embryo. The somatic stalk is very much wider 


hnic. (Compare fig, 121 E and F, which may be 

/ maser longitudinal and transverse sections of the 

on the third day.) A change ulso takes place in the position 
Sh 
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» vesseles op, are Reon ‘ont 

——_* a boty ontot be open, The 

tail-fold t. is just indicated; no 

AS m/f, the line of junction ‘tie wells falds iy wall vsibes being lot 

forwards vie. te Serpe patton ite bated tony ee toon fag een OF tm ioe 
thomboidalis, «7 
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Fro, 109, Ax KunRyo citieK oF AnoUT THINTT- 
AIX WOURS VIRWED FROM BELOW AB A THANSPAIUCNT 
owner. 


FR. the foro-brain or first cerebral vesicle, 
I from ee oe meee, 


M3 








coy 


tothe rest io, 110. ‘Tuuxevense sxcriox Tinocon ‘with ro*rexton 
of the body (fig, rast oF rane imap oF ax meunto cenicK oF TmuTT WoURS. 


a 
tion the whole blast. 


ai reat 
if veil 


embryo undergoes a ventral and somewhat spiral flexure. 
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bean Yolded ‘over the end of the nntohords 

‘The commencement of this cranial flexure gives the body of an em! 

‘of the third day 







greater than on the third, but on the fifth and 
days it becomes less obvious. 


e 


Frio. 112. Sion view oy to 
AeAD OF AN Earunvo Citcx ov THe 


occu} 

bn (fg. qi, ae ne eb) an poses (Chromic smn 
ie icnous object that it was. OH, Cerebral hemi: ' 
ich as its walls will hereafter be 44, Yesicle of think venticles 
into the parts surrounding the 77.7, Medulla oblongata; N. Na- 
third ventricle of the brain, it +l pit: evan esi 
Renta talcnenotaion nent 
or the tl lon. i 

the summit of the thalamen- roi 

there may nop Snes a ais ala — a pat, 
ion, the rudiment of the js distinctly viable from it. 
mn wil the centro of the oor sig Ea 4 
into # funnel-shaped process, : iscesal' folds 
ibulum, which, stretching to- tow of he superiot susillany 

; ee end ut ie alimentary 
eanal, joins the pituitary body. 

_ Beyond an icixease in size, which it 
with nearly all parts of the em- 
and the change of position which ly 

-brain undergoes no great alterations during the third day. 
will ultimately become developed into the corpora bigemi: 

its floor will form the crura cerebri, and its cavity will 
need to the narrow canal known as the iter a tertio ad 

alum and two diverticula leading from this into the optic 


2,8,4 F. Second, third and 
fourth visceral folds, with the 
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In the hind-brain, or third cerebral vesicle, the roof of the part 
which lies nearest to the mid-brain, becomes during the third day 
marked off from the rest by a slight constriction. jis distinction, 
which becomes much more evident later on by a thickening of the 
walls and roof of the front portion, separates the hind-brain into the 
cerebellum and the medulla oblongata (fig. 112 Cb and HB). While 
the walls of the cerebellar portion of hind-brain become very 
much thickened as well at the roof as at the sides, the roof of the 

ior portion or medulla oblongata thins out into a mere mem- 
forming a delicate covering to the cavity of the vesicle 

(fig. 114 JV), which here becoming broad and with greatly 
thickened floor and sides, is known as the fourth ventricle, subse- 
quently overhung by the largely-developed posterior portion of the 


cerebellum. 

The third day, therefore, marks the distinct differentiation of 
the brain into five distinct : the cerebral hemispheres, the 
central masses round the third ventricle, the corpora bigemina, the 
cerebellum and the medulla oblongata; the original cavity of the 
neural canal at the same time passing from its tem) division of 
three single cavities into the permanent arran; nt of a series of 
conn ventricles, viz, the lateral ventricles, third ventricle, the 
iter vise a prolongation into the optic lobe on each side), and the 
fourt! 


ventricle. 

By the third 
day the lens of the 
eye has become 
formed wars a 

vagination 
SE 
in the eye 
have taken place. 
‘The external open- 
ing of the auditory 
pit is closed before 
< com) cry of 
e a : 
114, 220); a0 ee 
rudiments of the 


preparation.) the organ of smell 
gpa gene pe ene Remmi 
mioath Ea/eaperon naiiacy pron of. 1, tho nt Ser nerlag Ha aa 
and third visceral folds; N. nasal pit; of. otic vesicle. of the fore-brain 
ent (fig-112, V). Like 
{te the lens and the 
Guinier tienotachord ch the dora sora 40,ant labyrinth of the 
the vertebral vein I. ear, they are form- 
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ed as invaginations of the external epiblast; unlike tl 
omen epi unlike them they are 


Ip 

During the second and third days there ate formed the visceral or 
branchial clefts, homologous with those of the Ichthyopsida, though 
are h =~ mie eater tee through the 

jowever or slits ing right thro 
walls thg\thioat, ated are vlaced tnveecichion tikes de ooo te 
aS SE et er se quite at right angles to that 
parall each other, but convergi hat to th 
middle of the throat in front (fig. 112 and fg il). : ‘. 





FRIED 
Fourth ventricle, Tho section sh the thin roof and thickor sides of 
(OE he wor cardinal ‘auditory 


ventricle. Ch. Notochord; CV, Anterior vein; C@. Involuted 
Sipe i sere ticle dec take Heed ig apevari Pag = 
passage connecting vesicle exterior); hy, Hypobl 
Pr arrey anal; 40,, 404. Aorta, and aortic arch. 4 


Four in number on either side, the anterior is the first to be 

d, the other three following in succession. They originate as 

ches of the nypablast, which meet the epiblast. At the junction 

of the epiblast and hypoblast an absorption of the tissue is effected, 
ing the es in communication with the exterior. 

i sooner has a cleft been formed than its anterior border (i.e. the 

border nearer the head) becomes raised into a thick lip or fold, the 

visceral or branchial fold. Each cleft has its own fold on its anterior 

border, and in addition the posterior border of the fourth or last 

bene cleft is raised into a similar fold. There are thus five visceral 

ds to four visceral clefts (figs. 112 and 113). The last two folds how- 

ever, Ny the last, are not nearly so thick and prominent as 

e second being the broadest and most conspicuous 

10—2 


the other 


li 
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Into this space the pleuroperitoneal cavity extends, the somato- 
pene sparing from Phage raceway bere ends of the folds 5 
is 


quite meet, being separated by a medi: 
time grows down from the extreme front of the head, and against 


ae 


Fro, 115. ‘Thaxnvense sxcTion THOBON THE poRALL. REGION OF AN Exnmvo Cutck or 
45 moens, 


Ate, medullary canal; P.v, mcsoblastic somite; W.d. Wolffian duct; So. Somato- 
pleare; Sp. } py. plouroperitoneal } @0. sorta; ©. blood- 
bi-ee ©. germinal |; eh. notochord ; op. junetion between area opaca and area 





| 
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which they abut ty CN 120 &. eae the main folds, which are 
directed somewhat down 


branches the cactiner processes, and the aoeciios which 
to complete the anterior m of the stomodeum or oral 
is called, from the parts which will be formed out of it, the 


to-nasal process. 

In two succeeding pairs of visceral folds, which correspond with 
the hyoid and first hial arches of the Ichthyopsida, are de- 
veloped the parts of the hyoid bone, which will be best considered in 
connection with the development of the skull. The last two dis- 
“arabes in the chick without giving rise to any permanent structures. 

external opening of the first visceral i.e. hyomandibular cleft 

becomes closed’, but the inner part of the cleft, opening into the 
mouth, gives rise to the Eustachian tube and the tympanic cavity, 
the latter being formed as a special diverticulurn, 


eit spe 


Fic. 116. Tuixevense sxoriox rHnovon vine rRUxK ov x Duck Empuro wira avout 
‘TWENTY-FOUR MEBORLASTIC BOMITRA, 

am, amnion; 0, somatopleure; sp. splanchnopleure; wd, Wolffian duct; st, seg- 

ae me periieel i tcl plate sp.g. spinal ganglion 5 wpe. spinal 


Jahrbuch, Vol. 111, 1877. 


| “ ide Molnahaner, Die Batwekang deo miteren vod den dumeren Ohren” 


150 SECTIONS DURING THE SECOND AND THIRD DAY. 


‘Part of the membranous mandibular and hyoid arches form a wall round 
the dérsal part of the original opening of this cleft, and so give rise to the 





Sie cen i ehistly aninel tex tke Come naaal eet oe tee 
dorsal part of the opening of the first cleft. It is formed of an external 
een ithelium, a middle layer of mesoblast, and an internal hypo- 
bl epitholiom. 

The gencral nature of the changes, which take in the 
trunk between the commencement of the second half of the second 
day and the end of the third day, is illustrated by the sections 
figs. 115, 116, 117. 

In the earliest of these sections there is not a trace of a fold- 
ing off of the embryo from the yolk, and the body walls are quite 
horizontal. In the second section (fig. 116), from an embryo 
about two days, the body walls are already partially inclined, and the 
splanchnopleure is very distinctly folded inwards. There is a con- 
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siderable space between the notochord and the hypoblast, which 
the rudiment of the mesentery. 

the third section (fig. 117) the body walls have become nearly 
Yertical, the folding of the splanchnopleure is nearly completed, and 
itis only for a small region that the alimentary tract is open, by the 
duct, to the sack. 

es¢ three sections further illustrate (1) the gradual differentiation 
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between the lateral plates Spd Se neebians wens Bi 
known as the intermediate cell mass, on the 
the Wolffian duct is formed, while Se tilausgtits coll nis loa? 


breaks up into the ental abe 116 st) and connective tissue 
of the Wolffian ae (fe: 2 


more e3} a ey lees cept 
crate Ph pea ceainally spp pproach (fig. 115 and 116); and meeting 
first of all in front finally coalesce (fig. 117 & 119) for their whole length. 


The of the eml of the fourth day may be 
res gel ae Be Mess 


The ingly ars bake place consist for the mab rates 
the further erent a the parts already present, and not 
need to be specifi detail. Mie asdek eapoviaht eraient the day ia 
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Fatal Membranes, 
The Aves and Mammalia are See from the 
Lathe bythe possession of certain provisional foetal mem- 
branes, heleg amnion and allantois. 


As the of development of these membranes may be most 
iia dept," T have selected this type for their 


Sien3 Prerectie The amnion is a peculiar sack which envelopes, 
Ath ead of theft dy of ination, when the carage of 


the mesoblast has somewhat advanced, there a little way in 
obs ie cag aaa ay (ig. ee es Be 
ewe rather 
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158 FETAL MEMBRANES. 
Lb arodilie ts SE ris mas tioen 
fig. 121, is 


be seen in reall; of the between the 

oe and is afr eatin with 
general space, h afterwards becomes the leuroperi- 
nner ee oF the! hd with dts nto hguro al mated 
(p Phi it is possible to pass from the cavity between the 


two limbs of the amniotic folds into the cavity w r 
the alimentary canal. When the several folds meet and coalesce 
together above the embryo, they unite in such a way that all their 
inner limbs unite to form a continuous inner membrane or sack, and 
all their outer limbs a similarly continuous outer membrane or sack. 
The inner membrane thus Lesa ere a completely closed sack 
Shee the body of the emb is called the amniotic sack, or 
fig, 121, H, , &0, a), and the fluid which it after- 
aciescatia is called the amniotic fluid, or liquor amit. The space 
= the i: saeee oe outer =: is, Ks sie mode ie iiprcatnt 
a ol © general cavi jou everywhere ween 
ood Dai splanchnopleure. The outer sack over the embryo 
lies close under the vitelline membrane, and the cavity between it 
me the true amnion is gradually extended over the whole yolk 
sacl 
actual manner in which the amniotic folds meet is somewhat 
peony (foe aoa Raikes) ‘The head fold of the amnion is the earliost 
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to be made at 
ma pepe eager a time when the head-fold has commenced 


P.So, fold of the xe, fol ofthe aplanchnopiere  D 
rmctting (peed) fold of the amalon, Seto map tod peach tm en nate 


formed, and completely covers over the head before the end of the second 
day, Tho side and tail folds are later in developing. ‘The side folds finally 
proceeds backwards 
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‘The allantois’ is essentially a diverticulum of the alimentary 

sane men in front of the anus. Its 
splaaeinic mesblat with bloo-wemely, wth 

ae ee on 

See ae one ee ane 

fy connestad ‘ith the fermatiee of 


Tr aaanlie of the mesenteron 
mesoblast into soma\ ‘ure and splanchno 

to the border of the © division of the itive 
As has been already mentioned, the ventral of the 
section of the alimentary tract is formed by the primitive 
Tmmediatel y in front of this is the involution which forms 
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of the allantola tho reader i referred tothe work 
subject Kupfler 








160 ALLANTOIS. 


As the hindgat becomes folded in the allantois shifts its position, 
and forms (figs. 123 B and 124) a rather wide vesicle lying imme- 
diately below the hind end of the digestive canal, with which it 
communicates freely by a still considerable opening; its blind end 
a aie the pleuroperitoneal cavity below. 
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tois lies in the Pipcianer ioe! cavity. 
this cavity it 

an forwards till it 

gut, where the 


splanchnopleure 
turns back to en- 
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| 
i 


= $ tween Ne pears 
formed; cavity; em, amnion; so, somato- DiC somatic 
jo oe lected stalks of the em- 
- bryo, on its way to 

the space between the external and internal folds of the amnion, 
which it will be remembered is directly continuous with the pleuro- 
peritoneal cavity (fig. 121 K), In this space it eventually spreads 
out over the whole body of the chick. On the first half of the fourth 
day the vesicle is still very small, and its growth is not es Its 
seatacedhen still remains very Ges In the latter hal the day 
its grow mes very rapid, and it forms @ very conspicuous obj 
in etic of that date (fig. 118, Al). At the kame time its bleed: 
vessels become important. It receives its supply of blood from two 
branches of the iliac arteries known as the allantoic arteries’, and the 
blood is brought back from it by two allantoic veins which run 
Sage the body walls (fig. 119) and after uniting into a single trunk 
fall into the vitelline vein close behind the liver. 

Before dealing with the later history of the fctal membranes, it 
will be convenient to complete the history of the yolk sack. 


1 to call these arterios and n 
jad vie, notond cf wstng the contoing toe" Tikp ahi at ei 
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Yolk-Sack, The origin of the area opaca has been de- 
scribed, It rapidly extends over the yolk underneath vitelline 
membrane ; and is composed of epiblast and of the hypoblast of the 

inal wall continuous with that of the area pellucida, which on the 
fourth day takes the form of a more or less com layer of 
columnar cells’, Between the epiblast and hypoblast there is a layer 
of mesoblast, which does not extend as far as the two other layers. 
The yolk is completely surrounded by the seventh day. 
‘owards the end of the first day blood-vessels begin to be de- 
veli in the inner part of the mesoblast of the area opaca, Their 
pment is completed on the second day ; and the region through 
which they extend is known as the area vasculosa. The area 





Fi, 
H. heart; AA. the 
obliterated in its median ‘but is continued at its proximal end as the external 
osrotid, and at ita distal end as the internal earotid; 40. dorsal sorta; L.Of.4. left 
‘Yitollino artery; R.Of.A. vitelline artery; S.J. sinus terminalis; f. let 
‘Yitelline vein; 2. Of. right vitelline vein; S.V.sinns venosus; D.C. ductus Cuvier! : 
8.Ca.¥, superior cardinal ;_¥.0a, inferior cardinal vein. The veins are marked 
in outline and the arteries are black. The whole blastoderm has been removed from 
OO Henco the left is seen on the right, 
ice verea. 


+ Purthor investigations aro required as to tho character of this layer. 
B. BIL. n 
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peernupre we nrune nme he and com 

not long after the area opaca. of the blastoderm wh 
thus encloses the forms the . ‘The splitting of the 


mesoblast gradually extends to the mesoblast of the yolk-sack, and 
eventually the somatopleure of the suck, which is continuous, it will be 


‘The blood leaving the body of the embryo by the vitelline 
arteries (fig. 125, R. 


wil 
Resta bos Us ail conde hed eaga ies of the vascular 


sinus venosus the main lateral trunks of the vitelline veins 
(R. Of, L.Of), and so to the heart. During the second hag ee 
venous trunks join the body of the embryo considerably in 
that is nearer, the head than the corresponding arterial ones. 
the end of the third day, owing to the continued lengthenii 
of the heart, the veins arteries run not only to oak 
other, but almost in the same line, the points at which they respec- 
tively join and leave the body being nearly at the same distance 
from the head. 

The rest of the blood brought by the vitelline arteries finds 
its way into the lateral portions of a venous teaming 
the vascular area, which is known as the sinus terminalis, 5.7), 


which, one on either side, flow backward, meet at a point about 
opposite to the tail of the embryo, and are conveyed along a distinct 
vein which, running straight forward el to the axis of the 
embryo, empties itself into the left vitelline vein, The two forward 
streams reaching a gap in the front part of the sinus terminalis fall 
into either one, or in some cases two veins, which run straight back- 
wards parallel to the axis of the embryo, and so reach the roots of the 
heart. When one such vein only is present it joins the left vitelline 
trunk; where there are two they join the left and right vitelline 
trunks respectively. ‘The left vein is always considerably than 
the Fights and the latter when present rapidly gets 
speedily disappears, After the third ben although the vascular area 
goes on increasing in size until it finally all but encompasses the 
yolk, the prominence of the sinus terminalis becomes less and less, 

‘The foetal membranes and the yolk-sack may conveniently be 
treated of together in the description of their later changes and final 
fate. 

On the sixth and seventh days they exhibit changes of great 


importance. 


E 


_ 


| _ 
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The amnion, at its complete closure on the fourth day, closely 
invested the body of the chick: the fon ceca we was 
then therefore very small. On the fifth day fluid begins to collect in 
the cavity, and raises the membrane of the amnion to some distance 
from the embryo, The cavity becomes still darges bs, the sixth day, 
and on the seventh day is of very considerable dimensions, the fluid 

ing with it. On thesixth day Von Baer observed movements of 
chiefly of the limbs; he attributes them to the stimula- 
¢ cold air on opening the egg, By the seventh day very 
movements begin to seD in the amnion itself; slow ver- 
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to be preset 
of the amniotic fold.: Similar movements are also seen in the 
allantois at a considerably later Reriod 

The growth of the allantois has’ been very rapid, and it forms a 
fisttened b , covering the right side of the embryo, and rapidly 
spreading out in all directions between the primitive folds of the 
amnion, that is, between the amnion proper and the false amnion or 
serous envelope. It is filled with fluid, so that in spite of its fattened 
form its opposite walls are distinctly separated from each other. 

The vascular area has become still further extended than on the 
fifth day, but with a corresponding loss in the definite character 
of its |-vessels, The sinus terminalis has indeed by the end of 
the seventh ge all its previous distinctness; and the vessels 
ae brought the blood from it to the heart are no longer to 


seen. 

Both the vitelline arteries and veins now pass to and from the 
body of the chick as single trunks, assuming more and more the 
appearance of bei ly branches of the mesenteric vessels. 

yolk is still more fluid than on the previous day, and its 
ing to Von Baer) increased. ‘is can only be due 
madame the white of the egg, which indeed is diminishing 

During the eighth, ninth, and tenth days, the amnion does not 
aie ey very important chan; Tts cavity is still filled with 

and on the eighth day its pulsations are at their height, hence- 
forward diminishing in intensity. 

‘The splitting of the mesoblast has now extended to the outer limit 
of the vaseolar area, i.¢. over about three-quarters of the yolk-sack. 
‘The somatopleure at age is continuous (as can be easily 
seen by reference to fig. 121) with the original outer fold of the 

ni It thus comes about that the further splitting of the meso- 

ast pean y enlarge the cavity in which the allantois lies. The 
of this organ keeps pace with that of the oeriee in which 
it Ik-sack as a 

N—2 


is placed. out over the greater part of the yo! 
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The yolk now begins to diminish rapidly in balk. The yolk-sack 
eosin’ Oasae and on the eleventh day is thrown into J pac of 
internal folds, abundantly supplied by large venous tranks By this 
means the surface of absorption is plat eee and the yolk is 
more and more rapidly taken up by bilo vonkele aaa lt 

jially assimilated condition transferred to the body of the embryo*. 

the eleventh day the abdominal parietes, though still much looser 
and less firm than the walls of the chest, may be said to be definitely 
established; and the loops of intestine, which have hitherto been 
hanging down into the somatic stalk, are henceforward confined 
within the cavity of the abdomen, The body of the embryo is 
therefore completed ; but it still remains connected with its various * 
nrrendiaees by a narrow somatic umbilicus, in which run the stalk of 

allantois and the solid cord suspending the yolk sack. 
The cleavage of the mesoblast is still ing, and the yolk is 


alee invested by a pera leural sack. 
itois_ meanw! out rapidly, and lies over the 
embryo close under the shell, being separated from the shell mem- 
brane by nothing more than the attenuated serous envelope, formed 
out of the outer primitive fold of the amnion and the remains of the 
vee | brane, With this Puy ale ye the een partially 
- in opening an at the later of incubation, 
unless aga be taken the allactets is in dan, cor bang tor in the 
Seaheel of the eee i the oi series ‘ in size 

importance, the allantoic vessels are cot in, leveloped. 

On about the sixteenth day, the white having eaurely Sianpenrall 
the cleavage of the mesoblast is carried right over the pole of the 
yolk opposite the embryo, and is thus completed (66: 121). The ae 
sack now, like the allantois which closely wraps it all round, lies 
in a space bounded outside the body by the serous membrane, and 
continuous with the pleuroperitoneal cavity of the body of the embryo. 

its of urates now become abundant in the allantoic fluid. 

‘The loose and flaccid walls of the abdomen enclose a space which 
eran ee oe filling, and on the nineteenth da; 
the yolk-sack, diminished greatly in bulk but still of some considerab! 
size, is withdrawn through the somatic stalk into the abdominal 
cavity, which it Jargely distance: Outside the em| there now 
remains nothing but the highly vascular allantois the bloodless 
serous membrane and amnion. The amnion, whose fluid during the 
later days of incubation rapidly diminishes, is continuous at the um- 
bilicus with the body-walls of the embryo. The serous membrane 
(or outer primitive amniotic fold) is, by the completion of the cleavage 

1 For details Courty, “‘Struetare dea Appendices Vitellins 
ches ie Powe” Sia Set Nee Bor Mil Vol” re" 1848. =< 
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of the mesoblast and eur atte Aunty eae 
appear mon ty ‘The eavity of the tois, by meaus of its 
Blk poring Sirwog the umbilicus, is of course continuous with the 


When the chick is about to be hatched it thrusts its beak tl 

the egg-membranes and ae ‘ins to breathe the air contained in 
ec chamber, Thereupon pulmonary circulation becomes func- 
ionally active, and at oe a time blood ceases to flow through the 
Manto arteries, The allantois shrivels up, the umbilicus becomes 
eal letely closed, and the chick, piercing the shell at the broad end 
sha 3 with ‘repeated blows of ita beak, casts off the dried re- 
ane of allantois, amnion and serous membrane, aud steps out into 


Bisurocrarny. 
(117) FB. von Hacer. \<Ueb, Entwiohlongaperhichte a. Thiere." Konigaborg, 


FB M. Balfour, Aeis eetpegerg ee growth of 
si ae ae, the Primitive Groove ho nacieion 
Hart, Fo ficros. Setence, Vol. xu, san 1878 
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of the blastoderm. The embryonic shield is mainly distingui 
from the remainder of the blastoderm by the more columnar 
of its constituent epiblast cells. It is somewhat pyriform in shape, 
the narrower end corresponding with the future posterior end of 
embryo. At the hind end of the shield a somewhat triangular 
primitive streak is formed, consisting of epiblast continuous below 
with a great mass of rounded mesoblast cells, probably mainly formed, 
as in the bird, by a proliferation of the epiblast. To this mass of cells 
the hypoblast is also partially adherent, At the front end of the 
streak an epiblastic involution appears, which soon becomes extended . 
into @ passage open at both extremities, leading obliquely forwards 
through the epiblast to the snack below 
aa the hypoblast. The walls of 
A a are formed 3 * hed of Nowe % 
“? continuous h with epi y~ 
> — ae, poblast. In front of the rimttive streak 
a fy the body of the embryo becomes first 
differentiated by the formation of a 
medullary plate ; and at the same time 
there grows out from the primitive 
streak a layer of mesoblast, which spreads 
out in all directions between the epi- 
blast and hypoblast. In the region of the 
embryo the mesoblast plate is stated by 
Kuptier and Benecke to be continuous 
across the middle line, but this a] 
very improbable, In a slightly later 
stage the medullary plate becomes 
marked by a shallow groove, and the 
mesoblast of the embryo is then un- 
doubtedly constituted of two lateral 
Neg one on each side of the median 
ine. In the median line the notochord 
arises as a ridge-like thickening of the 
gE ne mp —_ hypoblast, which is continued posteriorly 
into the front wall of the passage men- 
tioned above, 
The notoehord does not long remain 
ay attached to the hypoblast, and the 
for espe between the twovis already 
feeted for the greater of the 
Rgransexrep t rio, 129. length of the vane fe by je stage re- 
my. medullary groove; sep. presented in fig. 129. Fig. 126 repre- 
toesoblantic. plate; ap. epiblati sents a series of sections through this 
fe ‘of bypoblaxt; ch, noto- embryo. 
ehond; ne, peeenticia deal ery of “He a see Nath ogawaeer i 
hopere). peels i ie embryo a t way in fron} 
eal initierinal the primitive streak, thore is a medullary 
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plate with a shallow we (mg), well-d mesoblastic plates 
(mep), alread: divided into somatic and sp! nic layers, and a com- 

jetely notochord independent of the hypoblast (/y). In the 
next section (B), taken justin front of the primitive streak, the notochord 
is attached to the hypoblast, and the medullary groove is deeper ; while 
in the section following (C), which passes eaeugh the front border 
of the primitive streak, the notochord and hypoblast have become 
fused with the epiblast. The section behind (D) shews the neurenteric 
passage leading through the floor of the medu groove and through 
-the hypoblast (ne). the right side the mesoblastic plate has be- 
come continuous with the walls of the ‘The last section (E) 
passes through the front part of the primitive streak behind the 
passage. The mesoblast, epiblast, and to some extent the hypoblast, 
are now fused together in the axial line, and in the middle of the 
fused mass is seen a narrow diverticulum (ne) which is probabl 
equivalent to the posterior diverticulum of the neural canal in Bi 
(vide p. 136). 
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rt amnion; ne, neuront 1; oh. notochord; Ay. hypoblast 
are 

The general features of the will best be understood by an 
examination of the di: matic longitudinal section represented 
in fig. 127. In front 1s shown the amnion (am), growing over 
the head of the embryo, The notochord (ch) is seen as an in- 
di lent cord for the greater part of the length of the embryo, but 
falls into the hypoblast shortly in front of the neurenteric . 
The neurenteric ¢ is shewn at ne, and behind it is the front 
part of the primitive streak, 

Tt is interesting to notice the remarkable relations of the notochord 
to the walls of the neurenterio More or lees similar relations are 
also well marked in the case of the goose and the fowl, and support the con- 
clusion, deducible from the lower forms of Vertebrata, that the notochord is 


at the front end of the primitive streak forms the posterior 
of the medullary plate, though the medullary groove is not at 
wed back to it. The anterior wall of this passage connects 
medullary plate and the notochordal ridge of the hypoblast. 
stage represented in fig. 126 and 129 the medullary groove has 
continued back to the opening of the passage, which thus becomes 
in the medullary folds, and forms a true neurenteric passage’. 


Benecke (No. 154) give « very different account from the above of 
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and so thi the The latter layer is still a flat sheet without 
any Interal infolding; but it gives rise, behind the neurenterie to 
a lum, placed in the body cavity behind 
the embryo, and opening at the ventral of the apparent hind end 


lumen of the gut narrower, The section following (C) represents, 1 believe, 
only the of the allantoic diverticaluim. Hae aetenteas appears 


— 
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to be formed as usual of hypoblast (Ay) enveloped by splanchnic mesoblast 
(me), and | eae into the section of the body cavity present behind the 
embryo. Its position in the body cavity is the eause of its somewhat 
peculiar appearance in the figure, Had the whole section been represented 
the allantois would have been enclosed in a space between the serous mem- 
brane (se) and a layer of splanchnic mesoblast below which has also been 
omitted in fig. B', It still points directly backwards, as it primitively does 
in the chick, wide fig. 123 A, and Gasser, No, 127, Pl. y. figs. land 2. Ido 
not understand the apparently double character of the lumen of the allantois. 
Tn the next section (not figured) the lumen of the allantoic stalk is larger, 
but still apparently double, while in the last section (D) the lumen is 
considerably enlarged and single. The neurenteric canal appears to close 
shortly after the stage last described, though its further history has not 
been followed in detail. 





Fie, 128. Foon rmansvense sxcrions THROUVOM THR HINDER BND OF A YOUNG 

rammryo o LAcmnTA a UKALIS. 

Sections A and B pass through the whole embryo, while C and D only pass through 
the allantois, which at this stage projects backwards into the section of the body cavity 
behind the primitive streak, 

ne. neurenteric canal; pr. primitive stroak; hg. hindgat; hy. hypoblast; pp. body 
eavity; am. amnion; 4. serous envelope (outer limb of the amnion fold not yet 

from the inner limb or true amnion); al. allantois; me, mesoblastio wall of 
‘the allantois ; v. yetsels passing to the allantois. 


’ to the difficulty of procuring matorial I have only been able to prepare the 
‘two hots of sections just described, and in the absence of u fuller series there are some 
pointe in the interpretation of the sections which must remain doubtful. 
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General development of the Embryo. 
The formation of the embryo commences with the a rance of 
the medullary plate, the sides of which 
The ouiey grow sane 
ve is 
pepebe hie 
tenn ina way 
ean eee 
the anterior is 
folded off, nfo the yolk, “! col escaaie 
covered over by the sim as by a hood 
stant 129). ‘All this takes place 
ee the closure of tie meielay canal; 
and the cha of tl are quite 
concealed from view oo 
The closure of the medullary canal 
commences in the neck, and extends for- 
wards and backwards; and the whole 
pane of the brain becomes closed in, 


patie: the arora ve ae a 


The later stages in ete Rowicenent of the Lacertilian embryo 
do not require a detailed description, as they present the closest 
analogy with those already descri’ for Aves. The embryo soon 
turns on to its aan side; and then, Be secon dane aie folded off 





Embryonic Membranes aad Yolk-Sack. 


The early oe oo tert phalic portion of the amnion bas 
already bare alluded to, The first traces of it become t 
while the pacsting! we is still extremely shallow. The medullary 
plate in the the head forms an axial strip of a thickish plate 
of epiblast. The cates of this plate coincides with the line of the am- 
niotic fold, and as this fold rises up the two sides of the plate become 
bent over the embryo and give rise to the inner limb ‘or the amnion 
or amnion proper, The section (fig. 127), fps the origin of 
the amniotic hood of the head, shews very well the space beeen 
the two limbs of the amnion is continuous with the bod, 
The amnion very early usin encloses the embryo (fig. os A 
and B), and its external limb or serous membrane, after separating 
from the true amnion, soon approaches and fuses with the vitelline 
membrane. 

‘The first development of the allantois as a diverticulum of the 
hypoblast covered by splanchnic mesoblast, at the apparent posterior 
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end of the primitive streak, has been described on pp, 170—171. The 
allantois continues for some 

-time to point directly back- 6. 

wards; but gradually as- Fé 

sumes a more ventral direc- 
tion; and, as it increases 
in size, extends into the 
space between the serous 
ease ots ree, 
eventually to form a 
highly vascular, flattened 
sack immediately below the 
serous membrane. 

The Yolk-Sack. The 
blastoderm spreads in the 
Lizard with very ih ra~ 
pidity over the yolk to form 
the yolk com Siyen earl: 
appearance area zi 
pais ai Ee ne pee nee Fro. 130. PRES eusero or Lacerta MU- 
called upfier an 1 180.. - x 
Rises teceabeyonie iets, wi Tbe eaegs wie TE din Jengih in ths ouried 
has already been noted. up state. ; 
pues cae . reels fo. Pies aoe A ey 
area, whic the same au. auc 3 ol, olfac e 
funetion as in the chick, is eee ase inthe 
not long in making its ap- 
pearance. In all jilia the vascular channels which arise in the 
vascular area, and the vessels carrying the blood to and from the 
vascular area, are very similar to those in the chick. In the Snake 
the sinus terminalis never attains so conspicuous a development and in 
Chelonia the stage with a pair of vitelline arteries is preceded by a 
stage in which the vascular area is supplied, as it permanently is in 
many Mammals, by numerous transverse arterial trunks, coming off 
from the dorsal aorta (Agassiz, No. 164). The vascular area gradually 
envelopes the whole yolk, although it dyes so considerably more slowly 
than the eral blastoderm, 

i is, as might have been anticipated, a very 
close correspondence in general development between the Lacertilia 
and Ophidia. The embryos of all the Amniota are, during part of 
their development, more or less spirally coiled about their long axis. 
This is well marked in the chick of the third day; it is still more 
pronounced in the Lizard (fig. 130); but it reaches its maximum in 
the Snake. The whole Snake embryo has at the time when most 
coiled (Dutrochet, Rathke) somewhat the form of a Trochus. The 
base of the spiral is formed by the head, while the majority of 





1 This Sgure was drawn for me by Professor Haddon, 


— 


4 CHELONIA. 
the coils are supplied by the tail, There are in all at this stage 
seven coils, and The cal is right-handed. 


Another point, which deserves notice in the Snake, is the absence 
in the embryo of all external trace of the limbs. It might have been 
anticipated, on the analogy of the branchial arches, that rudiments of 
the limbs would be preserved in the embryo even when limbs were 
absent in the adult. Such, however, is not the case. It is however 
yery possible that rudiments of the branchial arches and clefts have 
been because these structures were functional in the larva 
(Amphibia) after they ceased to have any importance in the adult; 
and that the limbs have disappeared even in the embryo because in 
the course as eres atrophy din was no mares Pee the 
organism in their being specially preserved at any period of life’, 

Chelonia’, In their earl Upelonaient the Chelonia resemble, so 
far as is known, the Lacertilia. The amnion arises early, and soon 
forms a cephalic hood. Before development has proceeded 
very far the embryo turns over on to its left side. The tail in many 


species attains a very considerable dev t (fig. 133). The chief 
peculiarity in the form of the embryo (figs. 131, 132, and 133) is 
caused by the development of the caray The first rudiment of 
the appears in the form of two itudinal folds, extending 


above the line of insertion of the fore- hind-limbs, which have 
already made their appearance (fig. 151), These folds are sub- 





Pro, 181, Catone sinus, rieer erson, 


du. waditory i; br. 1 and 2, branchinl arches; C. carapace; B. + fb. 
farebeniny J forelimb, I; hoart; hb. hind-brains kl. hindlimb, Ay, ell ak 
mid-brain} mm, mandible; mz,p. maxillopalatine; N. nostril; », umbilicus. 


ently prolonged so as to mark out the area of the carapace on 
Ga daral eachace On the surface of this area there are formed the 


‘his probable that in those Ophidia in which trees of limbs are still 
Freier vel; Uni Shere covighencta tender would te toned in ite esibcyos titan tn the 


aidalta, 
+ Vide Agnssie (No. 16,), Kupffer and Benecko (No. 144), and Purker (No. 16s). 


al 
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horny plates (tortoise shell), and in the mesoblast below the bony 
elements of the carapace (figs, 182 and 133), 

Immediately after hatching the yolk-sack becomes withdrawn into 
the body; while the external part of the allantois shrivels up. 





Pio, 192, CieLon® srtpas, axcoxn eTAcH. 
Letters aa in fig, 131, 





Fw, 133. Crmtoxe strmus, ramp staon, 
Letters as in fig. 181. F, rostram. 
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18 THE SEGMENTATION. 


At the moment of their first separation these spheres are ee ‘ 
and arranged in two layers, one of them formed of the 

blastic spheres, and the other of the four hypoblastic. This posit 

is not long retained, but one of the bi ic spheres passes to the 
centre; and the whole ovum again takes a spherical form. 

Tn the next phase of segmentation of the four epiblastic 
spheres divides into two, and the ovum thus becomes constituted of 
twelve spheres, eight epiblastic and four hypoblastic. The epiblastic 
spheres have now me markedly smaller than the hypoblastic, 

The four hypoblastic spheres next divide, giving rise, together 
with the eight epiblastic spheres, to sixteen spheres in all; which 
are nearly uniform in size. Of the eight bypoblastic spheres four 
s00n pass to the centre, while the eight piper epiblastic spheres 
form a kind of cup partially enclosing the hypoblastic spheres. The 
epiblastic spheres now divide in their turn, giving rise to sixteen 
spheres which largely enclose the hypoblastic spheres. The seg- 
mentation of both epiblastic and hypoplastic spheres continues, and 
in the course of it the epiblastic spheres spread further and further 








Fra, 104. Oprtcas, seorioxs ov 4 Ransrr’s oveat Ar TWO STAVER CLoweny 
FOLLOWING UPON THE suOMEXrATION, (After E. van Beneden.) 


¢p. epiblant; hy. primary hypoblast; bp, Van Beneden's blastopore. 
‘The abading of the opiblast and hypoblast is diagrammatic, 

over the hypoblastic, so that at the close of segmentation the hypo- 

blastic tens constitute a central solid mass almost entirely sur- 

rounded by the epiblastic spheres. In a small circular area however 

the are ic spheres remain for some time exposed at the surface 

(Gg. 134 


The whole of segmentation is completed in the rabbit 
about seventy house ater im tion. At its close the epiblast ~ 
cells, as they may now be called, are clear, and have an irregularly 
cubical form; while the hypoblast vells are polygonal and granular, 
and somewhat larger than the epiblast cells. 

‘The opening in the epiblastic layer where the hypoblast cells are 
exposed on the surfaco may for convenience be called with Van 


| 
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has by no means attained its greatest dimensions, it has nevertheless 
grown from about 0-09 mm—the size of the ovum at the close of 
segmentation—to about 0:28. It is enclosed by a membrane formed 
pore eee recleia. and che Sa necils mpecariaea it. oe 
lermic vesicle continues to enlarge rapidly, juring the process 
the hypoblastic mass undergoes important It spreads out on 
Gisiner pile cf Via epibiaet anc.at tba same tira loses its lens-like 
form and becomes flattened. The central part of it remains however 
thicker, and is constituted of two rows of cells, while the peripheral 
part, the outer boundary of which is irregular, is formed of an 
mperfect layer of amaboid cells which continually spread further 
further within the epiblast. The central thickening of the 
hypoblast forms an opaque circular spot on the blastoderm, which 
constitutes the commencement of the embryonic area. 

The history of the stages immediately following, from about the 
commencement of the fifth day to the seventh day, when a primitive 
streak makes its appearance, is imperfectly understood, and has been 
interpreted very differently by Van Beneden (No. 171) on the one 
hand and by Kélliker (184), Rauber (187) and Lieberkiihn (186) on 
the other. I have myself in conjunction with my pupil, Mr Heape, 
also conducted some investigations on these stages, which have on- 
fortunately not as yet led me to a completely satisfactory recon- 
ciliation of the opposing views. 


Van Beneden states that about five days after impregnation the hypo 
blast cells in the embryonic area become divided into two dixtinet strata, 
an upper stratum of small cells adjoining the epiblast and a lower stratum 
of fattened cells which form the true hypoblast. At tes of the em: 
bryonic area the hypoblast is continuous with a periph ring of the 
ammboid cells of the earlier stage, which now form, except at the edge of 
the ring, a continuous layer of flattened cells in contact with the epiblast. 
During the sixth day the flattened epiblast cells are believed by Van 
Beneden to become columnar. The embryonic area ually extends 
itself, and us it does so becomes oval, A central lighter portion next 


Sans ree eae SS Rn wreak originates early on the seventh 
* Kiliker, following the lines originally laid down by Rauber, hus ar- 
rived at very sliffecent result. He starts from the three-layered condition 
described by Van Beneden for the fifth day, but does not give any investi- 
Eterm Sen perilous] ger et prota coll, Soaing pet of tal 
layer to be sf protective forming part 
the original vesicle, the middle layer he regards as the true epiblast and 
penriouea te he finds that ct 
i sixth day the cells of the outer layer gradually 
cease to form a continuous layer and finally disappear; while neds of 
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increase in number and become one by one columnar; and that 
in the process they press against the layer of rounded elements 





Fro. 186. Srcttox THnoUGH THE NEARLY CIRCULAR EMBRYONIC Anca or 4 Ranurr's 
OFUM OF SIX DATS, NINE HOURS and °8 yO. IX DIAMETER. 


‘The scction shews the peculiar character of the uy layer with a certain namber 
of superficial flattened cells; and represents about the breadth of tho area. 


below them, so that the two layers cease to be distinguishable, and the 
whole embryonic area xequires in section the characters represented 
in fig. 136% ‘Towards the end of the sixth day the embryonic area 
becomes oval, but the changes which next take place are not under- 
stood, In the front part of the aren only two layers of cells are found, 
(1) an_hypoblast, and (2) an epiblast of columnar cells probably 
derived from the flattened epiblast cells of the earlier stages, In 
the posterior part of the blastoderm a middle layer is present (Van 
Beneden) in addition to the two other layers; and this layer probably 
originates from the middle layer which extended throughout the area 
at the beginning of the fifth day, and then became fused with the 
epiblast. The middle layer does not give rise to the whole of the 
eventual mesoblast, but only to part of it. From its origin it may 
be called the bypoblastic mesoblast, and it is probably equivalent to the 





AL B. 


Pio, 137. Vinws or tire miasronmexro vesrcne or A Ranntt ox sie axvexTa 
pay Wirnour tue zoxa. A. from above, B, from the side. (From Kolliker.) 


ag. embryonic aren; ge. boundary of the hypoblast, 


! The nection figured may perhaps hardly appear to justify this view; the exami- 
nation of a larger iamber of sections |x, however, more favom to it, but it must 
be admitted that the interpretation ix by mo means thoronghly 
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hypoblastic mesoblast already described in the chick (p. 128 and 129). 
The stage just described has only been met with by Van Beneden’. 
A diagrammatic view of the whole blastodermic vesicle at about 
the beginning of the seventh day is given in tig. 137. The em- 
bryonic area is represented in white. The line ge in B shews the 


_ 





Tue LENGTH OF 





streak; B. through the front part of the 


ive atres 








THE AREA WAS AROUT 1-2 MM. AND ITS BREADTH ABOUT “86 MM. 


Through the region of the blastoderm in front of the prit 


ve streak ; 


ep. epiblast ; m. mesoblast ; hy. hypoblast; pr. primi 





Fig. 138. Two sgcrioss Tanoron ovAL BLASTODERMS oF A RABBIT ON THE SEVENTH DAY. 





1 Killiker does not believe in the existence of thin stage, having never met with it 
himself. It appears to me, however, more probable that Kélliker has failed to obtain 
it, than that Van Benedon has been guilty of such an extraordinary blunder as to have 

ibed a stage which has no existence. 





‘184 THE PRIMITIVE STREAK. 
extension of the hypoblast round the inner side of the vesicle. The 


the primitive streak in Birds. The formation of the streak is pre- 
by that of a clear near the middle of the blastoderm, 
forming the nodal point of Hensen. This spot subsequently consti- 
tutes the front end of the primitive streak. 
The history of the ponies streak was first worked out in a 
sati manner by He 


Early on the seventh day the embryonic area becomes pyriform, 
and at its posterior and narrower end a primitive streak makes its 
which is due to a eaten of rounded cells from the 
laa wh is ocr: Sp seer bres layer 
of iypobl ic meso} is present, especially just in it of, at 
us cLiad, Getta taiteriocivert: of the, streak + but no mesoblast is 
found in the anterior part of the embryonic area. These features 
are shewn in fig. 138 A and B. The mesoblast derived from the 
proliferation of the epiblast soon joins the mesoblast already present ; 
EER eet meri poeelble” t0) tras/e: pepaeaitae 
between the two parts (fig. 139 B) of the mesoblast. 
During the seventh day the primitive streak becomes a more 
pronounced structure, the mesoblast in its neighbourhood increases 
im quantity, while an.axial groove—the primitive groove—is formed 





Fao. 139, Two TRANSYRRAR SHCTIONS THROUGH THN KAUETONIC AREA OF AN 
wocnnvo Ramurr OF SEVEX DATS. 


The embryo bas nearly the structure represented in fig. 140, de 
is tak the anterior part of the ombrsonic area. It repremts about 
bal ie ees atten the tose and thare te mo troce of A soedallay groove or 0¢ the 
mesoblast. 
. is taken throagh the posterior part of the pritaitive streak. 
ap. epiblast; hy. bypoblast, 


+ Schafer describes the blastodermic veeicle of the cat av it in a bie 
Dee aac teres toc traestes os aahatin etmiaivevionl or ot Cravaneclast 


hee 
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the medullary groove is formed, the mesoblast becomes divided, 
as in Lacerta and Elasmol ii, into two ind dent lateral 


for the a. 190), which on this point is 
hte ren doing so I 


The anterior section goo wo the CS eoen near 
its hinder end. The commencement of the primitive streak ix 
marked by a slight prominence on the floor of the medullary fe 
between the two froma cone aa folds (fig. 143 Ce 

it apparent the epiblast and 


this prominence becomes 





Fra. 142. Traxsvxmen sxctiox trmovam ax xammvo Rassir ov xtamt pays, 
ep. opiblast; me. mesoblast; hy. hypoblast; mg. medullary groove. 


are united together. The mesoblast plates at the two sides remain 
in the sca aie free. ine op ly further back, but before the 
Perabee sto last and hy: poblast are connected 
ee et of ‘cal (i aes ee dy whith j in the section next. 

follo Setsp mes detached fr the blast and forms a solid 
keel pecfecting tiem the epiblest. 1 In the tollowing section the hitherto 
independent mesoblast plates become united with this keel (fig. 
143 A); and in the posterior sections, through the part of the 
primitive streak with the primitive e, the epiblast and mesoblast 
continue to be united in the axial line, but the bypoblast remains 
distinct. These peculiar relations may shortly be described by saying 
that in the axial line the hypoblast becomes united with the epiblast at 
the Uncpnteall ad the embry ; and that the cells which connect the 
hypoblast and e iorly continuous with the fused epi- 
blast and imesoblast of the the primitive streak, the hypoblast in the region 
of te | ieee streak having become distinct from the other layers, 
e peenliar relations j jet described, which hold also for the 

rabbit, reccive their full explanation by a comparison of the Mammal 
with the Bird and the Lizard, bat belies notin tie this comparison, 
* ar be well to seessive the next rabbit, which is in 
poss Ala sta A instructive. In the stage the thickened axial 

the hypo! ponlaik in the region of the embryo becomes sepa- 


Se 


a 
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rated from the lateral parts as the notochord, Very shortly after 
the formation of the notochord, the hypoblast grows in from the 


two sides, and becomes 


quite 


continuous across the middle 


line. The formation of 
notochord takes place from 
fore backwards; and at 
hinder end of the embryo 
notochord is continued into 
mass of cells which forms 


the 
be- 
the 
the 
the 
the 


axis of the primitive streak, 


becoming therefore at this 
continuous with the 


int 


epiblast. 


The notochord in fact behaves 


exactly as did the axial 
poblast in the earlier stage, 


hy- 


In comparison with Lacerta 
(p.168 & 169) it is obvious that the 


wxial hypoblast and the notochord 
derived tr 


from it have exactly 
same relations in Mammalia 


the 
and 


Lacertilia. In both they are con- 


tinued at the hind end of 
embryo into the epiblast ; 
close to where they join it, 
mesoblast and epiblast fuse 


the 
and 
the 

tor 


to form the primitive 
oe The difference between 
‘the two types consiste in the fact 
that in Reptilia there is formed 


connecting the neural 
alimentary canuls, the front 


wall of which ix constituted by 
the cells which forma the as 
junction between the notochord 
‘and opiblast; and that in Mam- 
malia this passage—which is only 


a rudimentary structure in Rep. 


A 
ae 
fe 
B Ba 
ch 
ree SS. 
c 
athe a 
; ” 
x ak 4 
in 
ra m 


Fro. 143. A seeres oF TRAXSVERSE sxKC- 
TIONS THROUGH THE JUNCTION OF THE PROUTIVE 
STREAK AND MEDULLARY GROOVE OF 4 YOUNG 
Gurweario. (After Schiifer.) 

A. is the posterior section, 

¢. opiblast; m. moaoblast; h. hypoblast; 
ae. axial opiblast of the fidvo. atreak 
ah. axial hypoblast attached in B. and O, 10 
the epiblast at the rudimentary blastopore ; 
ng, medullary groove; Jf. rudimentary blas- 

pore, 


tilia—hus either been overlooked or else is absent. In wny case the axial 
junction of the epiblast and bypoblast in Mammalia is shewn by the above 
‘com with Lacertilia to represent the dorsal lip of the true verte- 
brate blastopore. The presence of thix blastopore seems to render it clear 
that the blustopore discovered by Ed. van Beneden cannot have the meaning 


ker adduces the fact that the notochord is continuous with the 


| he assigned to it in comparing it with the blastopore of the frog. 
| Pai 

| 

| 


axial cells of the primitive streak as an argument against its hypoblastic 
Origin, ‘The above comparison with Lacertilia altogether deprives this argu- 


ment of any force, 


At the stage we have now reached the three layers are definitely 


a 


ee 
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established. ‘The epiblast (on the view adopted above) clearly origi- 
from epi without 


nates: 
doubt originates from the hypoblastic segmentation spheres which 
isi dis forthe Tenticalar seeee nathan the epiblast on the 


history of the mesoblast is still obscure, of it to originate 
from the bypoblastic mass, and part is Untosbeedlyxcaal from the 
epiblast ¢ primitive streak, 

While these ch: have been taking place the rudiments of a 
vascular area become formed, and it is very possible that part of the 
hypoblastic mesoblast in between the epiblast and hypoblast, 
immediately around the embryonic area, to give rise to the area 
vasculosa, From Hensen’s observation it seems at any rate clear 
that the mesoblast of the vascular area arises independently of the 
april streak: an observation which is borne out by the analogy 


General growth of the Embryo. 

oye have nn Man the blastodermic ene becomes paciegs at 
an early s evelopment into an em! ic area, a non- 
Sulohie tion, Mite eealeyeato area tie rise to the whole of 
the body of the embryo, while the non-embryonic part forms rs 
pendage, known as theumbilical vesicle, which becomes gradually 
folded off from the embryo, and has precisely the relations of the 
yolk-sack of the Sauropsida, It is almost certain that the Placentalia 
are descended from ancestors, the embryos of which had large yolk- 
sacks, but that the yolk has become reduced in quantity owing to 
sie Raniteieso rooaitad pe i = igh ay reat takin; ie - 

at originally snppli the yolk. iment of the yolk- 
sack being retained Laan umbilical vesicle, this structure may be 
called indifferently umbilical vesicle or yolk-sack. 

The yolk which fills the yolk-sack in Birds is replaced in 
Mammals by a coagulable fluid; while the gradual extension of the 
hypoblast round the wall of the blastodermic vesicle, which has 

iy Lean desesibed. 18 of the same nature as the growth of the 
hypoblast round the yolk-sack in Birds. 

The whole embryonic area would seem to be employed in the 
formation of the body of the embryo. Its long axis has no very 
definite relation to that of the blastodermie vesicle. The first ex- 
ternal trace of the embryo to appear is the ey bounded 

the medullary folds, and occupying at first anterior half 

the embryonic area Kg a8 The two medullary folds dive 
behind and sicies Set ‘ a polas the nero as © 
sabe elongates, the tt rt meet and so 
ent off the front portion of the primitive See lick than sppeats 
tL sone antes of the resppocll, aati man 
embryo it, eight days impregnation, ec lary 
is about 1:80am. in length. At this stage a division may be neal 
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seen in the lateral plates of mesoblast into a vertebral zone adjoining 
the embryo and a more peripheral lateral zone; and in the verte- 
bral zone indications of two somites, about 0°37 mm. from the hinder 
end of the embryo, become apparent. ‘The foremost of these somites 
marks the junction, or very nearly so, of the cephalic region and 
trunk. The small size of the latter as compared with the former is 
very striking, but is characteristic of Vertebrates generally. The 
trunk gradually elongates relatively to the head, by the addition 
behind of fresh somites. ‘he embryo has not yet begun to be 
folded off from the yolk-sack. In a slightly older embryo of nine 
days there appears (Hensen, Kélliker) round the embryonic area 
a anpaee clear ring which is pete in sed than behind (fig. 
144 A, ap). This ring is regard y these authors as representin, 

the eer part of the area pellucida of Birds, which does et 


A. B 


ay. 





Fro, 144. Ewtnvo Rannrm oF Anowr wix® DAYS YROM FALE DORSAL ATOR. 
(From Kelliker,) 
A. magnified 22 times, nod B, 21 times. 

area pellucida; rf. modullary groove; W. medullary plate in the region of the 
Salavo fore brainy, Ww Siege in the region of ores mid-beas wh. fore 
brain; ab, optic vesicle; mh, brain; A‘. and AM hind-brain; wir. mesoblaatic 
somite; #tz. vertebral xone: pz, lateral xone; hz aud &. heart; ph pericardial section 
‘of body-cavity; rv, vitelline vein: af. amnion fold. 
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Peer Renreriat/ sates the toy of the eeo cyt Outside the area 
Pelacdly a3 an area vasculosa has become very well defined. In the 


embryo itself (fig. 144 A) tho sin ieee between head and trunk 
is less Ses tn 


tubes. The remains of the primitive streak (pr) are eri ont 
behind the medullary groove. iy at 

In somewhat older SES, (fig, 144 B) with about cight somites, 
in which the trunk considerably exceeds the head in length, the first 
distinct traces of the foldi CAE ofthe) Head adh at thie een bere 
become ay it, and somewhat later a fold also aj at the hind 

Aiba fortaation of the hind end of the naibees the primitive 

streak gives rise to a tail swelling and wo of the ventral wall 
of the post-anal gut. In the region of the head the pudimants 
of the ene (4) are far more finite. Tho medullary 
is still open for its whole length, but in the head it exh 
series of well-marked dilatations. ‘The foremost of these (oh) is ihe 
rudiment of the fore-brain, from the sides of which there project 
two optic vesicles (ab); the next is the mid-brain (mh), tae the last 
is the bind-brain (MA), which is Pe nani divided into smaller lobes by 
successive constrictions. The medullary groove behind the region of 
the somites dilates into an embryonic sinus rhomboidalis like that 
of the Bird, Traces of the amnion (af) are now apparent both in 
front of and behind the embryo. 

The sone of ie. rr ec Seman of the heart at this 

are illustrated in e widely: 
Pope pp mo a Below it the hypoblast i is thi nels 
form the notochord dd’; and at the sides are seen the two tubes, 
which, on the folding-in of the fore-gut, give rise to the unpaired heart. 


Each of these is of an tee muscular tube hnic 
mesoblast (ahh), not quite closed towards the hypoblast, and an inner 
epithelioid layer (ihh) ; and is in a special section of the body- 


city ph) wi which afterwanls s the dealt i 


the ninth day is ccsapleted eet oun are 
uals effected. The medullary groove closed ape its whole 
cnt with the exception of a nell posterior Lies ‘The closure 


pdt jing tho, 

arsed bal atone naboe at the heart are bong together, 
coalesce on ventral side of the throat, and so give rise to a 
median undivided heart. The fold at the tail end of the embryo 
considerably, and during its advance the allantois “is 

ea in Un ine hy ee th rds, The somites increase in 


eo 
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number to about twelve. The amniotic folds nearly meet above the 
embryo, 


ae 





+ he epiblast; dd. hypoblast; 


3 hp. somatic ‘mesobl 
. muscular wall of 


(From Kolliker.) 


B. is a more highly magnified representation of part of A. 


f the pharynx; sr. commencing throat. 





Fro, 145, ‘Trayevanse sxcrios tamovon zim mean oy 4 Rausir or tux sume Ace as y10, 144 B. 


recieeyf 
splanchnig mess 
pecaea 





‘The later stages in the development | Gases in the main in the 
same manner as in the Bird. The cranial flexure soon becomes very 
marked, the mid-brain forming the end of the long axis of the sole 
pete): The sense ongans have the usual development. Under the 

brain appears an epiblastic involution giving rise both to the 
month and to the pituitary body. Behind the mouth are three well- 
marked pairs of visceral arches, The first of these is the mandibular 
arch (fig. 146 md), which meets its fellow in the middle line, and forms 


a 
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mero aly pr oe) which analy rs cuiceetiaee 
@ superior tm: (ma) whi: forms anterior 
ou euoels, Bahia th the naa balay arch are present a 
meleteeoped hi hyoid (hy) and a first branchial arch (not shewn in 
fig. 146). ere are four clefts, as in other Amniota, but the fourth 
is not bounded behind by a definite arch. Only the first of these 
clefts pee as the tympanic cant and Eustachian tube. 

‘At the time when ae flexure appears, the body also 





Pio, 146, Avvaxcen xamnro of 4 Ranntr (nour rwenvn pays)". 


wb, Taney the Ce ONE AL ec. cerebral hemisphere; op. eyo; 
foarth ventricle; xillary process; me, mandibular arch; Ay. hyoid arch 
fore-limb; Al. hindlimb; ‘wm, umbilical stalk. 


naraepe a sharp flexure immediately behind the head, which is thus 
bent forwards upon the posterior straight part of the body (fig. 146). 
The amount of this flexure varies somewhat in different forms. It is 
very marked in the dog (Bischoff). Ata later period, and in some 
species even before the stage figured. the tail end of the body also 
becomes bent (fig. 146), so that the whole dorsal side assumes a 
convex curvature, and the head and tail become yxi- 
mated, In most cases the embryo, on the development of the tail, 
assumes a more or less definite spiral curvature (fig. 146); which 
however never becomes nearly so marked a feature as it commoaly 
is in Lacertilia and Ophidia, With the more complete 
of the lower wall of the body the ventral flexure realy ly disappears, 
but remains more or less persistent till near the close of qotreararing 
life. The limbs are formed as simple buds in the same manner as in 
Birds, The buds of the hind-limbs are directed somewhat forwards, 
and those of the fore-limb backwards, 


8 (This figure was drawn for me by my pupil, Mr Wheldon, 
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Embryonic membranes and yolk-sack, 


The early stages in the development of the embryonic mem- 
branes are nearly the same as in Aves; but during ae ae 
in the Placentalia the allantois enters into peculiar relations with the 
uterine walls, and the two, together with the interposed portion of the 
subzonal membrane or false amnion, give rise to a very characteristic 
Mammalian organ—the placenta—into the structure of which it will 
be necessary to enter at some length. The eerans membranes 
vary so considerably in the different forms that it will be advantageous 
to commence with a description of their development in an ideal 
case, 

We may commence with a blastodermic vesicle, closely invested by 
the delicate remnant of the zona radiata, at the stage In which the 
medullary groove is already established, Around the embryonic area 
a layer of mesoblast would have extended for a certain distance; so 
as to give rise to an area vasculosa, in which however the blood- 
vessels stad disgern ae Sere yen hed oe 12 rane 
is represent i matically in aa mewhat later the 
embryo sis oa he folded off, first in front and then behind (fig. 
147, 2). ese folds result in a constriction separating the embryo 
and the yolk-sack (ds), or as it is known in Mammalian embryology, 
the umbilical vesicle. The splitting of the mesoblast into a 
splanchnic and a somatic layer has taken place, and at the front and 
hind end of the embryo a fold (4s) of the somatic mesoblast and 
epiblast begins to rise up and grow over the head and tail of the 

ma ‘These two folds form the commencement of the amnion. 
The and tail folds of the amnion are continued round the two 
sides of the embryo, till they meet and unite into a continuous fold. 
This fold grows gradually upwards, but before it has completely 
mestiged the embryo, the blood-vessels of the aren vasculosa 
fully developed. They are arranged in a manner not very different 
from that in the chick. 


The following is a brief account of their arrangement in the 
Rabbit :-— 
‘The outer boundary of the area, which ix continually extending further 
and further round the umbilical vesicle, is marked by a venous sinus 
terminalis (fig. 147, st). The area is not, as in the chick, a nearly-eom: 
circle, but is in front divided by a deep indentation extending inwards 
the level of the heart. In consequence of this indentation the sinus 
terminalis ends in front in two branches, which bend inwards and fall 
the main vitelline veins, The blood is brought from the 
by a sories of lateral vitelline arteries, and not by a single 
in the chick. ‘Theso arteries break up into a more deeply situated 
network, from which the blood is continued partly into the sinus 
ni and partly into a superficial venous network. The hinder end 
heart is continued into two vitelline veins, each of which divides 
anterior and a posterior branch. The anterior branch is a limb 
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porthole ened a idk ed selec seat eba 
Pecrevemtetarag slvnmiascs alts ofrrintsal tot eal; Pe pexetal oe 











While the above pbauges eve been taki the whole blasto- 
dermic vesicle, still encl in the zona, become 
to the walls of the uterus. In the case of the typical uterus with 
two tubular horns, the position of each embryo, when there are 
several, is marked by a swelling in the walls of the uterus, prepa- 
Peete re craton. hs tekst icy ce. the duepiation, of she 
ta, In the region of each swelling the zona around the blasto- 
i embraced. in ring-like fashion, by the 
The le vesicle assumes an oval 


Hie. a2 w ich 
‘nature of these 
instances 


i al membrane (the ). Tn any 
the blastodermic vesicle and the uterine 


























to the 9th day in the Rabbit—it requires the greatest care to remove 

‘the ovum from the uterus without injury. Tt will be understood of 

course that the attachment above described is at first purely super- 
ficial and not vascular. 

after the establishment of the circulation of the yolk-sack 

folds of the amnion meet and coalesce above the embryo (fig. 147, 

3 4,am). After this the inner or true amnion becomes severed 

the outer or false aronion, though the two sometimes remain 

d by a narrow stalk. Between the true and false amnion is a 

on of the body-cavity. The true amnion consists of « layer 

see epithelium and genecelly: see see erel rr 

the false amnion consists, as a rule, of epiblast only; though it 

ble that in some pe (the Rabbit ?) the mesoblast may be 





along its inner face. 

the two limbs of the amnion are completely severed, the 
the umbilical vesicle becomes separated from the meso- 
blast of the vesicle (fig. 147, 3), and, together with the 
m (sh), with which it is continuons, forms a complete lining 
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for the inner face of the zona radiata. The between this mem- 
brane and the umbilical vesicle with the attached embryo is obviously 
continuous with the body cavity (vide figs, 147, 4 and 147"). ‘To 
this membrane Turner has given the appropriate name of subzonal 
membrane; by Von Baer it was called the serous envelope. It soon 
fuses with the zona radiata, or at any rate the zona ceases to be dis- 
tinguishuble. 


Fe 
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ee 
Feo, 147°. Disonam of rum rortan scmmmnanes ov A Mason. (From Turner.) 
Structures which either are or have been at an earlier period of development 
continnons with each other are represented by the same character of shading. 
pe. zona with villi; #2. subzonal membrane; E. epiblast of embryo; am. amnion; 
ite aimalelhe ‘tavite | 0, waecMlisA of eakaga; M inypothaat of ealeyo, DV" 
umbilical vesicle; af. allantois; ALC. allantoic cavity. 


While the above changes are taking place in the amnion, the 
allantois grows out from the hind-gut as a vesicle lined by hypoblast, 
but covered externally by a layer of splanchnic mesoblast (fig. 147, 3 
and 4, al), The allantois soon becomes a flat sack, projecting into the 
Say lucas developed space between the subzonal membrane and the 
amnion, on the dorsal side of the embryo (fig. 147", ALC). In some 
cases it extends so as to cover the whole inner surface of the subzonal 
membrane; in other cases again its extension is much more limited. 
Its lumen may be retained or may become nearly or wholly aborted. 
A fusion takes place between the subzonal membrane and the adjoin- 
ing mesoblastic wall of the allantois, and the two together give rise 


* The hypoblastic element in the allantois is sometimes neh rednoed, so that 
the allantois may be mainly formed of a vaseular layer of or 3 
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t & secondary tembnine round the ovum, known as the chorion. 
Since however the allantois does not always come in contact with 
the whole inner surface of the subzonal menibrane, the term chorion 
is apt to be somewhat vague; and in the rabbit, for instance, a con- 

siderable part of the so-called chorion is formed by a fusion of the the 
wall of the yolk-sack with the subzonal membrane (fig. 148). The 
placental region of the chorion may in such cases be distinguished as 
ei ape oh she Gop; from the remaining be which will be called the 










= ie 

ht to it by two allantoic arteries continued from the 
| bifureation of the dorsal aorta, and returned to the bod 
one, or rarely two, allantoic veins, which join the vitelline des 
Aine it From hata surface of the yes aE he a 
5, }) villi grow out it into crypts or depressions w! ve 
in the eerie 186 their ap tae tate in the walls of the uterus’. 
The ‘villi of the chorion are covered by an epithelium derived from the 
membrane, = are prow silary pl connective tissue Ads) 
containing an artery and vein a lexus connecti Tm, 
In most cases they assume a more or ar borestont forth, and: Hays 
4 distribution on the surface of the chorion varying characteristically 
in different species. The walls of the erypts into which the villi a 
fitted also lem highly vascular, and a nutritive fluid passes from 
the maternal vessels of the placenta to the fwtal vessels by a process 
of diffusion ; while there is probably also a secretion by the epithelial 
pits of the walls of the crypts, which becomes absorbed by the 
}of the fetal villi. The above maternal and festal structures 
constitute together the organ known as the placenta. The maternal 
any essentially of the vascular crypts in the uterine walls, 
peepee of more or less arboreseent villi of the true 


fittin, 
Sait ¥ he placenta cna being developed, the folding-off of the 


-sack becomes more complete; and the yolk- 
pains ne et with the ileal region o! the intestine 
stalk, the vitelline duct (fig. 147, 4 and 5 and fig, 140) 
g of the sume tissues as the yolk-sack, viz. hypobl 
ic mesoblast. While the true splanchnic stalk of the ane 

narrow, a somatic stalk connecting the amnion with 

‘the embryo is also formed, and closely sovelans the a 
allantois and the yolk-sack, The somatic stalk toger 

nts is known as the umbilical cord. The een 

pleuric layer of the cord de into a kind of gela- 

. which cements together the whole of the contents. The 








ave no conncetion with the openings of glands in the walls of the 
‘believed Srislaat te be Ponca toon tangs asa sence 
the uterine walls. 
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jo ceaartgeg option ay inva epic ashen 
allantoic vein. sack in many cases atropbies completely 
before the close of intra-uterine life, but in other cases it is only 
removed with the other embryonic membranes at birth. The intra- 

i Portion of the allantoic stalk gives rise to two structures, 
viz, to (1) the urinary bladder formed by a dilatation of its proximal 
extremity, and to (8) a cord known as the urachus connecting the 
bladder with the wall of the Base es the utnbilicus, The urachus, 
in cases where the Sane ee Lois Vega till be remains by; 
an passage connecting intra- and extra-embryonic parts 
the sllneeols In other cases it gradually closes, and becomes neany 
solid before birth, though delicate but interrupted lumen woul 
appear to persist in it It eventually gives rise to the ligamentum 
Vesiew medium. 

At birth the foetal membranes, including the fetal portion of the. 
placenta, are shed; but in many forms the interlocking of the fatal 
villi with the uterine crypts is so close that the uterine mucous mem- 
brane is carried away with the foetal part of the placenta, It thus 
comes about that in some placente the maternal and foetal parts 
simply separate from each other at birth, and in others the two 
remain intimately locked together, and both are shed together as 
the after-birth. These two forms of placenta are distinguished as 
non-deciduate and deciduate, but it has been shewn by Ercolaui and 
Turner that no sharp line can be drawn between the two types ; 
moreover, # larger part of the uterine mucous membrane than that 
forming the maternal part of the placenta is often shed in the 
deciduate Mammalia, and in the non-deciduate Mammalia it is _pro- 
bable that the mucous membrane (not including vascular parts) of 
the maternal placenta either peels or is alworbed. 


Comparative history of the Mammalian fetal membranes. 


Two ps of Mammalia—the Monotremata and the Marsupialia 
—are bel not to be provided with a true placenta. 
: The nae of the ee secsbeases in Phar taed more 
nown., Ova, um in an stage of devel nt, have 
been found Senay the viet of Onadthtelivnens by pices The 
lining membrane of the uterus was thickened and highly vascular. 
The jes in which these were found were killed early in October’. 
fe clam Our iste oe st mem of ue 
larsupialia ix most entirely ue to Owen. In Macropus major 
found that birth took place thirty-eight days after impregnation. A 


+ The following iy Owen's account of the young after birth Anat, of 
Ferthreton, Vou ee, Lc11T)¢ "On the eighth of Deouaber Dr Bante desoovered: te 
“the sublerrancan nest of Ornithorhynous three living young, naked, not quite two 
‘teapinred. "shaving yosng ave wi ty heed ured fa a tury ot marsoyal 
* fos "This yous one was naked, of « bright red colour, and one inch two Hines in 
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foetus at the twentieth day of gestation measured eight lines from 
the month to the root of the tail, The foetus was enveloped in a 
large subzonal membrane, with folds fitting into uterine furrows, but 
not adhering to the uterus, and without wlli. The embryo was en- 
veloped in an amnion reflected over the stalk of the yolk-sack, which 
was attached by a filamentary pedicle to near the end of the ileum, 


was jially adherent, ‘ially at one to the subzonal mem- 
lene No allantois Vib obesrre Ina Sewing older foetus of ten 
lines in length there was a small allantois supplied by two allantoic 
arteries and one vein, The allantois was quite free and not attached 
to the subzonal membrane. The yolk-sack was more closely attached 
to the subzonal membrane than in the younger embryo’. 

All Mammalia, other than the Monotremata and Marsupialia, 
have a true allantoic placenta, The placenta presents a great variety 
of forms, and it will perhaps be most convenient first to treat these 
yarieties in succession, and then to give a general exposition of their 
mutual affinities*. 


Amongst the existing Mammals provided with a true placenta, the 
most primitive type is probably retained by those forma in which the 
ital part of the chorion is contined to a comparatively restricted area 
‘on the dorsal side of the embryo; while the false chorion is formed by the 
vascular yolk sack fusing with the remainder of the subzonal membrane, 
Tn all the existing forms with this arrangement of fatal membranes, the 
is deciduate, This, however, was probably not the ease in more 
primitive forms from which these are descended’, The placenta would 
appear from Ercolani’s description to be simpler in the mole (Talpa) than 
in other A geo The Insectivora, Cheiroptera, and Rodentia are the 
fers va this type of placenta; and since the rabbit, amongst the latter, 
un more fully worked out than other species, we may take it first. 
The Rabbit. In the pregnant female Rabbit several ova are generally 
found in each horn of the uverus The general condition of the egg-mem- 
branes at the time of their full development is shewn in fig. 148. 
‘The embryo is surrounded by the amnion, whieh is cone amall. 
The yolk-ck (ds) is large and attached to the embryo by a long stalk. 
Tt has the form of a flattened sack closely applied to about two-thirds of the 
surface of the subzonal membrane, The outer wall of this sack, adjoining 


* Owen quotes in the Anatomy of Vertebrates, Vol. 11. p- 721, a description from 
of the development of Didelphis azarw, which would seem to imply that a 
adhesion arises between the uterine walls and the subsonal mem but 

the description is too vague to be of avy value in determining the nature of the 
fertal_ membranes. 

* Numerous contributions to our knowledge of the various of placenta have 
been mado during the last fow years, amongxt which those of and Ercolani 
nay be ‘out, both from the vaidety of forms with which they deal, and the 
fmpportant it they have thrown on the stracture of the placenta, 

Vide ani, No, 197, und Harting, No. aor, and also Von Baer, Bntweick- 
i ase ‘table on p. 225, part 1., where the importance of the limited area of 
attac! of the allantois us compared with the yolk-sack is distinctly recognised. 
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the subsonal membrane, is formed of hypoblast only ; but the inner wall ix 
phe sive apie mesoblast of 
us indicated 


the area vasculosa, 
aoe “id by th hk black ne . 


area never extends over the 
whole yolk-sack ; but the inner 
vascular wall of the 

fuses with the outer, and with 
the subsonal membrane, and 
#0 forms a false chorion, which 
reeeives ite blood supply from 
the yolk-sack. ‘This pat of 
the chorion does not hop 
vascular villi, 

‘The allantois eee sim- 
plo vascular sack a large 
cavity. Part of its wall is 
; applied to the subzonal mem- 
brane, and gives rise to the 
agin defen spake: 
project ‘namerous vascular 
teat These fit into beng 
sponding uteriie crypts It 
seems probable, from offs 
and Killiker’s observations, that the subzonal membrane in the area of 
the placenta becomes attached to the uterine wall, by means of villi, even 
before its fusion with the allantois, In the later periods of gestation 
the intermingling of the maternal and fatal parts of the placenta becomes 
very close, aud the placenta is truly deciduate. The cavity of the allantois 
persists till birth. Between the yolk-sack, the allantoix, and the embryo, 
there is left a large cavity filled with an albuminous fluid. 

The Hare does not materially differ in the arrangoment of its foetal 
membranes from the Rabbit. 

Tn the Rat (Mus decumanns) (fg. 149) the sack of the allantois com- 
pletely atrophies before the close of fortal life’, and there is developed, at 
the junction of the maternal of the placenta and the unaltered mucous 
torus, & of the mucous membrane which completely 

chorion, and forms a chamber for it, distinet 
the uterus. Folds of this nature, which are 
Apes, are known as a decidun roflexa. 

of is reduced to extreme tennity, or even 

vanishes before the close of gestation, 


+ This & denied by Naw; ede Kolliker, No. 18g, p. 861. 
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Fro. 149. Skortox TIMOUGM THE PLACENTA AND ADSACENT 
a a oP tia (From. 
ay 


And giaasdscldcnte parts of the uterine wall. 


See Sarda area being bounded by a sinus terminalis, 
yesicle is so situated within its uterine capsule that the 


attached to the part of 


mio vaticls mumerous 

p of the uterine 
) establish at this : 
P 


Fig, 150. Disonaaatrrte LONGITUDINAL BRC 
HON OP AX ovUM oF A GUINEA-PIO AND. TITK 
ADJACENT UTERINE WALLS AT AN ADVANCED STAGE 
or ranoxaney, (After Bixchoff.) 

yk. yolk-mack (umbilical vesiel ae of 
. Par eee ied 
internal meso! MI or 
and of the uterus the end of ths layer i Te aieead the ee 

and a dise- jyalis; alt. allantois ; pl. placenta. 
S "The external shaded parts are the uterine 
p the Rabbit be- walls. 
. ‘The cavity 
if developed, vanishes completely. 
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Tn all the Rodentia the placenta appears to be situated on the mexo- 
metric side of the uteras. 


(Owen) a small decidua reflexa. A similar arrangement ix found in the 
jog (Krinaceus Europwus) (Rolleston), in which the placenta occupies 
the typical dorsal position, It is not clear from Rolleston's i 
whether the yolk-suck persists till the close of fatal life, but it seems 
probable that it does so, There is a considerable refloxa which does not, 
however, cover the whole chorion. In the Tenvee (Centetes) the yolk-sack 
and non-placental part of the chorion are described by as being 
absent, but it seems not impossible that this may have been owing to the 
bad state of preservation of the specimen. The amnion is large. In the 
Cheiroptera 4 Vespertilio and Preropus), the yolk-suck is and coalesoes 
with part of the chorion. The large yolk sack has been ed in Pte- 
ropus by Rolleston, and in Vespertilio by Owen. The allantoic vessels 
supply the placenta only. The Cheiroptera are usually uniparous, 
and ‘The fatal membranes of Apes and Man, 
in their origin unlike those of the Rodentia and Insectivora, are 
in their ultimate form similar to them, and may be conveniently dealt 
with bere. The early stages in the development of these membranes in 
the human embryo have not been sutisfactorily observed ; but it is known 
that the ovum, shortly after its entrance into the uterus, becomes attached 
to the uterine wall, which in the meantime has undergone considerable 
changes. A fold of the uterine wall appears to grow round 
the lic vesicle, and to form « complete capsule for it, but the 
exuct mode of formation of this capsule is a matter of inference and not of 
observation. During the first fortnight of pregnancy villi grow out, ac- 
cording to Allen Thomson over its whole surface, bat according to Reichert 
in a ring-like fashion round the edge of the somewhat Gattened ovam, and 
a to the uterua The farther history of the early stages is ex- 
tremely obscure, and to a large extent matter of speculation: what is 
koown with reference to it will be found in a wection, bat I shall 
here take up the history at about the fourth weel 
At this stage a complete chorion has become formed, and is probably de- 
rived from a growth of the mesoblast of the allantois (ina: nied by the 
hypoblast) round the whole inner surface of the xubzmal Sseliaaa’, Feocs 
the'whole surface of the chorion there project branched vascular 
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it was ab an Ls joie tye gene ay Both it 
and the stalk the yack a by the amnion (am). The 
oo with the whole embryo, 
ieee tab tlle ood dition o¢ the chovion Sithie aus Satnesy 
pari bo thm vot the normal idineed type of plaoente, described. inthe 


seq) 
While the above changes are taking place in the embryonic membranes, 
the blastodormic vesicle greatly increases in size, and forms a considerable 


wall, in relation to the blastodermic bet ceeaany Sera moe 
and since the su pee van poner with the after- 
birth, each of them is called a decidua, They are represented at a some- 


what later a1 in fig. 151. There is (1) the of the wall reflected 
Sei pas 

ie 

vert meslexe a9 ae ? <y 

the part ta) 

wall ing the area 


tina (ds); (3) the 


decidua vera (du). 
pei desks brutes 
ferotina er 
envelop the chorion, 
the processes of which 
fit into erypts in them, 
At this period both of 
them are highly and Fro. 151, Disonasnraric RECTION OF PREGNANT BEMAN 
nearly uniformly vas- orenes wird cowrarsep yoercs, (From Huxley after 
colar. The general Longet.) 
cavity of the uterus is al, allantoic stalk; nb. ambilical vesicle; am. amnion ; 
fps lates arden obs oe enia Patti tubes caee seg) eae) 
ina I. ian tube; ¢. cervix uteri; u. uterus; 
literated by the ovum, "fatal villi of true placenta; 2. villi of non-placental 
but still 48 4 part of chorion, 
space filled with mu- 
cus, between the decidua reflexa and the decidua vera, 

The changes which ensue from this period onwards are fully known. 
The amnion continues to dilate (its cavity being teusely filled with amniotic 
flaid) till it comes very close to the chorion (fig. 101, am); from which, 
however, it remains separated by « layer of gelatinous tissue. The villi of 
the chorion in the region covered by the decidua reflexa, gradually cease 
sc pageant ios 561 Daly atrophy, but in the region in contact with the 

serotina increase and become more vascular and more arborescent 
tie tol, ee ‘The former region becomes known as the chorion leve, 

ax the chorion frondosum. The chorion frondomum, 
together wh th the devidua sevotinn, gives rive to the placenta, 
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» Although the vascolir supply is cut off from the chorion leve, 
procesyes on its surface do not completely abort. Lt becomes, ax the 
of birth approaches, more and more closely united with the reflexa, till the 
union between the two is so close that their exact boundaries cannot be 
made out. The umbilical vesicle (Gg. 151, nb), although it becomes greatly 
reduood in size and flattened, persists in a recognisable form till the time of 


The decidua vera is mainly churseterised by the presence of peculiar 
thay an hy the dappearanoe of & 
distinct lining of epithelial cells, Daring the whole fe Hee ifs 


ndergoes 
changes in the main similar to those of the decidua vera, and as has been 
already mentioned, it fases on the one hand with the chorion, and on the 
other with the decidua vera. The membrane resulting from its fusion 
with the latter structure beoomes thinner and thinner as pregnancy ad- 
vances, and is reduced to « thin layer at the time of birth. 

The placenta has a somewhat discoidal form, with a slightly convex 
uterine surface and a concave embryonic surfuce. At its edge it is con- 
tinuous both with the decidas reflexa and decidua vera, Near the centre 
of the embryonic surface is implanted the umbilical cord. As has already 
Leen mentioned, the placenta is formed of the decidua serotina and the 
foetal villi of the chorion frondosam. ‘The fertal and maternal tissuck are 
far more closely united (fig, 152) than in the forms described above. The 
villi of the chorion, which were originally comparatively simple, become 
more and more complicated, and assume an extremely arborescent form. 
Each of them contains a vein and an artery, which subdivide to enter the 
complicated ramifications; and are connected together by a rich anastomosis, 
‘The villi are formed mainly of connective tissue, but are covered by an epi- 
thelial layer generally believed to be derived from the subzonal membrane; 
but, as was first stated by Goodsir, and has since been more fally shewn 
by Ereolani and Turner, this opithelial layer is really w part of the cellular 
decidua serotina of the uterine wall, which has become adherent to the villi 





divide into capillaries, but large already spoken 
of, dr ay gel rte sl Aroha macrirperAe 17 
pieroe the serotina, and form a of large venons sintses in the 
adjoining uterine wall (fig. 152, and eventually fall into the general 


uterine Venous system. At birth the whole placenta, together with the 
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fused decidua vera, and reflexa, with which it is continuous, is shed ; and 
the blood vessels thux 

ruptured are closed A 

by the contraction of ae 

the uterine wall, 

The fotal mem- 
branes and the pla- 
canta of the Simiadw 
(Turner, No. 225) are 
in most respects close- 
ly similar to those in 

; but the pla 
conta is, in most cases, 
divided into two lobes, 
though a ite Phi 
pauzee, Cynocephalus, 
and the ae ‘of the 
Now World, it appears 
to be single. 

The types of de- 
ciduate placenta so 
far described, are nsu- 
ally classified by ana- 
tomists as discoidal 
plucentw, although it FiG, 162, SRCTION oF THE MUMAN UTERUS AND PLACENTA 
must. borne in A? THe THINTIETH WeEeK oF reKoNANcY. (From Housley, after 
mind that they differ Poker) e ne 

widely. In the, 4; mnbilionl cord; B. chorion; C. fostal villi separated 

5 . by provesres of the decidua serotina, D; £, F, G. walls 

lentia, —_Insecti- aearol, 

yora, and Cheiroptera 
there is a (usually) dorsal placenta, which ix co-extensive with the area of 
contact between the allantois and the subzonal membrane, while the yolk- 
sack adheves to a large part of the subzonal membrane. In Apes and 
Man the allantois spreads over the whole inner surface of the subzonal 
membrane ; the placenta is on the ventral side of the embryo, and oceupies 
only a small part of the surface of the allantoia. The placenta of Apes 
and Man might be called metadiscoidal, in order to distinguish it from the 
primitive discoidal placenta of the Rodentia and Insectivora, 

Tn the Armadilloes (Dasypus) the placenta is truly discoidal and deci- 
duate (Owen and Killiker), Alf. Milno Edwards states that in Dasypus 
novemcinctus the placenta ix zonary, and both Killiker and he found four 
embryos in the uterns, each with its own amnion, but the placenta of all 
fonr united together; and all four enclosed in a common chorion, A 
reflexa does not appear to be present. In the Sloths the placenta ap- 
proaches the discoidal type (Turner, No. 218). It occupies in Chwlopus 
Hoffmanni about four-fifths of the surface of the chorion, and is composed 
of about thirty-four discoid lobes. It. is truly deciduate, and the maternal 
capillaries are replaced by a system of sinuses (fig, 161). The amnion ix 
elose to the inner surface of the chorion. A dome-shaped placenta is also 
found amongst the Edentata in Myrmecophaga and Tumandua (Milne 
Edwards, No. 208), 
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ineieandttt Beep | metab | 
igen: ‘This form of placenta occupies a zone of the if 
iving the two pls fre, It is found in the Carnivora, Hyrax, Blophas, 
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and persists till birth. The first grows out on the dorsal side 
of the em! aS Cranes STH le sobre membrane, over a 


Wn th i er ‘The vascular villi so formed are of course 
at first confined to the diseshaped area of adhesion between the etry 


reeei 

‘The cavity of the allantois is , and its inner part is in contact with 
the amnion, The area of adhesion between the outer part of the allantois 
and ‘over the wl interior of the 
are formed over the whole area of 
itso pt a the ewy extrem poker of se ‘The last part to bo 
covered is the ventral side where the yolk: adjoins the subzonal 

Lapin the of the allantois its and 
‘extension cavit rsints, its inner 
paren ace Tt adheres to 





zone, with sbactl aheebate pr py soleeirepentns teat i which 
become in the uterine walls, The muterual and fetal struc- 
tures become ly interlocked and highly vascular; and at birth a large 


ve a ental ine epi eee The zone of the ple- 


» Fide Bischoff, No. 175. 
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oe relge ot tie pnennial acum Shbes 9s ave ene scree 
‘uterine mucous membrane reflected over the non-; ital of 
ae earealape placer toes, tract reflexa in Mun, 

The Carnivora generally closely resemble the Dog, but in the Cat tl 
whole of the maternal part of the placenta is carried away with the 
lineprewclrd 4 lacenta is more completely deciduate than in the 

the Grey Seal (Halicharus gryphus, Turner, No. 219) the 
arrangement of the fortal membranes is the same as in the other 
of the Carnivora, but there is a considerable reflexa developed 
of the placenta. The fatal part of the placenta is divided by 
primary fissures which give off secondary and tertiary fissures. Into the 
fissures there pass vascular lamingw of the uterine wall. The general na 


Fe 


Ube 


large but the yolk-sack would seem to di v at an early stage, instead 
of persisting, as in the Carnivora, till the of fortal life, 
The Elephant (Owen, Turner, Chapman) is provided with a zonary 
deciduate placenta, though « villous patch is present near each pole of the 
chorion. 


the allantoic vesicle was in the embryos observed by Tamer, but in 
the absence of a large allantoic cavity the Cape Anteater differs greatly 
from the Carnivora. The amnion and allantois were in contact, but no 
yolk-sack was observed. 


Non-deciduate ita, The remaining Mammalia are characterized 

ea eticate nta ; or at least by « placenta in which only parts of 

‘tmuternal opithel ium and no vascular maternal structures are cca ara 
‘ition, The non-deciduate placente are divided into two groups 

a) The re oy plicenta, characteristic of the true Husonin 

ide, Bovide, Camelopardalidm) ; 5 (2) the diffused 

found in ie sae non-deciduate Mammalia, viz, the Perissoductyla, “8 

Buide, the Hippopotamide, the Tylopoda, the Tragulide, the Sirenia, the 

Manis amongst the Fdentata, and the Lemuride. The polycoty- 

ey fox is the most differentiated ; and is probably a bodies toe of 

the form. The diffused nondeciduate placenta is very easily 
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derived from the primitive type (p. 199) by an extension of the allantoic 
portion of the chorion ; and the exelusion of the yolk-sack from any pars 
ticipation in forming the chorion, 

The possession in common of a diffused type of placenta is by no 
means to be regarded ax a necessary proof of affinity between two groups, 
and there are often, even amongst animals possesting a diffused form of 
pant, considerable differences in the general arrangement of the em- 

ryonic membranes. 

Ungulata. Although the Ungulata include forms with both coty- 
ledouary and diffused placente, the general arrangement of the embryonic 
membranes is so similar throughout the group, that it will be convenient to 
commence with a description of them, which will fairly apply both to the 
Raminantia and to the other forms. 

The blastodermic vesicle during the early stages of development lies 
freely in the uterus; and no non-vascular villi, similar to those of the 
Dog or the Rabbit, are formed before the appearance of the allantois, 
The blastodermic vesicle has at tirst the naual spherical form, but it grown 
out at an early period, and with prodigious rapidity, into two immensely 




















long horns ; which in cases where there is only one embryo are eventually 
The 


prolonged for the whole length of the two horns of the uterus. 
embryonic area is formed in the usual way, and its long axix is placed at 





Pio, 153. Bankyo axe FOrrAn ammEMnims oF A YOCNO kxnEYO Ror-peen, (After 
Bischof.) 
yk. yolk-eack ; ald. allantois Just sprouting as a bilobed ack. 


right angles to that of the vexigle, On the formation of an amnion there 
ix formed the usual submonal 11 soon becomes separated by 
a considerable space from the yotk-sqck (fig. 153), The yolk-sack ix, how 
ever, continued into two elongated processes (yk), which pass to the two 
extremities of the subzonal membrane. It is supplied with the normal 
blood-vessel. As soon as the allantois appears (fig. 153 all), it grows out 
into « right anda loft process, which rapidly fill the whole free space within 
the subzonal membrane and in many cases, e.g. the Pig (Von Baer), break 
throagh the ends of the membrane, from which they project ax the di 
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ticula allantoidis, The cavity of the allantois remains lange, bot the 
lining of hypoblast becomes separated from the mesoblast, owing to the 
more rapid growth of the latter. The mesoblast of the allantois applies 
itself externally to the subzonal membrane to form the chorion’, and in- 
ternally to the anion, the cavity of which remains very small, The 
chorionic portion of the allantoic mesoblust is very vascular, and that 
applied to the amnion also becomes vascular in the later developmental 
peri 

: The horns of the yolksack gradually atrophy, and the whole yolk- 
suck disappears some time before birth, 

Where two or more embryos are present in the uterts, the chorions of 
the several embryos may unite where they are in contact. 

From the chorion there grow ont numerous vascular villi, which fit into 

nding pits in the aterine walls. According to the distribution of 
these villi, the allantois is either diffused or polycotyledonary. 

The pig presents the simplest type of diffused placenta. The villi of 
the surface of the chorion cover a broad zone, leaving only the two poles 
free ; their arrangement differs therefore from that in a zonury placenta 
in the greater breadth of the zone covered by them. The villi have the 
form of simple papille, arranged on a series of ridges, which aro highly 
vascular ms comy with the intervening valleys, If an injected chorion is 
examined (fig, 154), certain clear non-vascular spots are to be seen (6), from 





Fis, 134, Porras ov rum rizxcre cuomiox or a Pto, staowuy sacxtrinn. 
(From Terner, 


‘The Ggure shews a minote circular (0) {enclosed by a vascular ring) from 
which villous ridges (r) radiate, se CH * 
which the ridges of villi radiate, The surface of the uterus adapts 
itself exactly to the elevations of the chorion; and the furrows which 
receive the chorionic ridges are highly vascular (fig. 154), On the other 
hand, there are non-vascular circular depressions corresponding to the non- 
yascular areas on the chorion ; and in these areas, and in these alone, the 


+ According to Bischoff the subzonal membrane atrophics, leaving the allantoic 
mesoblast to constitute the whole chorion. 
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glands of the ochre ADU 9) (hese The maternal and fetal 
eeepa Doe pig separate with bie pede 


Vio, 166, Bexrice-vew oy THE IxsecrED ETEMtNE xvCOL OF 4 GRAID Pie, (From 
irner.) 


The fig. nhews a clrealar now-vascular spot where « gland opens (g) earrounded by 
tumerous vascular erypts (cr). 

In the mate (Turner), the fetal villi aro arranged in a less definite 
zonary band than in the pig, though still absent for a very small area at 
both poles of the chorion, and also opposite the o uteri. The filiform villi, 
though to the naked eye uniformly seatvored, are, when magnified, found to 
be clustered together in minute cotyledons, which fit into cor 
uterine crypts (fig. 156). Surrounding the uterine crypts are reticulate 





Fin, 196, Veewricas gear THBOCGN THE IMeCTEO PiacextTs oF 4 Mann, 


Turner.) 

‘A. chorion ith its vill in situ and partly drawn out of the erypts (cr); 
A: Hone epithelial ell which fortved : formed. the Vining of the exypli g. uterine glade, 
rs A. 
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ridges on which are placed the openings of the uterine glands, ‘The re 
maining Ungulata with diffused mamaie do not differ hs any important 
particulars from those already described. 

‘The polycotyledonary form of placenta is found in the Ruminantia 
alone. Its essential character consists in the fartal villi not being uni- 
formly distributed, but collected into patches or cotyledons which form ne 
it were so many small placentw (fg. 157). ‘The fartal villi of these patches 





” Fro, 157. Urenvs or « Cow ix THe xuppLk o” PRnoxaNoy Lam oreN. (From Huxley 
after Colin.) 


V. vagina; U. uterus; Ch. chorion ; C’. uterine cotyledons; C* fatal cotyledons, 





Fro, 158. Corrxpox or a Cow, Tint roerat AND MATERNAL, FARTS MALY SRPARATED. 
(From Huxley after Colin.) 
w. uteras; Ch, chorion; €', maternal part of cotyledon; %, fovtal part. 
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fit into pits in thickened patches of the wall of the uterus 
(Gigs. 158 and 159). In many cases (turner), the interlocking of the 


maternal and fetal structures is so close that large parts of the maternal 
epithelium are carried away when the fotal villi are separated from the 





Fro, 159, Sexrnuemomanec vearicu, «xcriex Tamovem 4 ronriox oF 4 MATERSAL 
corriaeex o” 4 Simmer. (From ‘Tnmer} 
er. exypls; ¢. opithlial lining of crypts; r. veins and c, curling arterien of abe 
epithelial connective tiaxne, ing 


uterus, The glands of the uterus open in the intervals between the 
cotyledons. The character of the cotyledons differs greatly in different 
types, The maternal parts are Ga a in the sheep, and mushroom- 
shaped in the cow. There are from 60—100 in the cow’and sheep, but 
only about five or six in the Roe-deor. In the Giraffe there are, in addition 
to larger and smaller cotyledons, rows and clusters of short villi, so that the 
placenta ix more or less intermediate between the polycotyledonary and 
diffased types (Turner). A similarly intermediate type of placenta is found 
in Cervus mexicanus (Turner). 

‘The groups not belonging to the Ungulata which are characterized by 
the possession of a diffused placenta are the Sirenia, the Cetacea, Manis, 
and the Lemuride, 

Sirenia. Of the Sirenia, the placentation of the Dagong ix known 
from some observations of Harting (No. 201). 

It is provided with a diffuse and non-deciduate ; with the 
villi generally scattered except at the poles. The vesicle vanishes 
early. 

Cetacea. In the Cotacea, if we may generalize from Turner's observa- 
tions on Orca Gladiator and the Narwhal, and those of Anderson (No. 191) 
on Platanista and Orcella, the blastodermic vesicle is very much elongated, 
and prolonged unsymmetrically into two horns. The mesoblast (fig. 160) 
of the allantois would appear to grow round the whole inner surface of the 
snbzonal membrane, but the cavity of the allantois only persists as a widish 
sack on the ventral aspect of the embryo (al). The amnion (am) ix enor- 
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mous, and ix dorsally in apposition with, and apparently coalesces with 
ventrally covers the inner wall of the persistent allantoic 


€ 
j 
E 





Fro, 160. Disoniu or tire vorran semnnanes 1x Onca oraptaron, (From Turner.) 
ch, chorion ; am. amnion ; al. allantois; #, embryo, 





sack, ery see for a small area at the and opposite 
the os uteri, is nearl; ieee ly covered with villi, which are more nume- 
rous than in fi. 160. TaADA cys nied of a lees urea aa 


sions of the persistent allantoic sack, the Cetacea differ considerably from 
on geal 


Manis. Manis amongst the Edentata presenta a type of diffused 
Pong a nee arvana acon woiiretiave ume Siac le 





Sues ame Manis, ws Dr 
iffased over the surfaces of the chorion 
and uterine mucosa, yrmocophaga and Tamandua, ax MM. Milue 
Tletally have pointed oe the placenta is set on the chorion in a dome- 
frie Sloths, al have elsewhere described, the placenta is 
Sombie is fia geooral as and consists of a number of 
discoid lobes. In Orycteropus, as I have now shewn, the ta is 
broadly zonular.” 

Lemuridw. The Lemors in spite of their affinities with the Primates 
and Insectivora have, as has been shewn by Milne Edwards and Turner, an 
apparently very different form of placenta. There is only one embryo, which 
occupies the body and one of the cornua of the uterus. The yolk-sack 
disappears early, and the allantois (Turner) bulges out into a Sign and 
left lobe, meet above the back of the embry 7 The meaeity: of the 
allantois persists, and the mesoblast of the outer wall the 
subzonal membrane (the hypoblastic epitheliam remaining distinc) to give 
rise to the chorion. 

On the surface of the chorion are numerous vascular villi, which fit 
into uterine ‘They are generally distributed, though absent at the 
eee 38 chorion and opposite the ov uteri Their distribution 
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Fro. 161, Diguaasaric reramsentarions STRUCTURE OF THE 
Puscexta, (roua arson) 
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meshwork, and in the interior of the trabecole there ran dilated maternal 
capillaries (o). ‘Che trabeculw are covered by a more or less columnar 
a tineaey (¢), and are in contact on every side with fartal villi. 


fication is found in that the maternal vestels have completely lost their 
capillary form, and have become expanded into freely comimu- 
nicating sinuses (d'). In these sinuses the fetal villi for the most 
part freely, though cncasonally attached to their walls (i) Tn the late 
stages of fortal life there is only one epithelial layer 
Sogrdil asi Sate] eng which closely: 3a esac Che villi, but, a 
shewn by Turner and Ercolani, is part of the utorine tissue. In the fortal 
villi the vessels retain their capillary form. 
Evolution of the Placenta, 

eo nee Less bere! on the Marsupials ee is clear that the 
yolk-sack in this group plays an important, if not the most important 
arts in absorbing the maternal nutriment destined for the foetus. 

‘he fact that in upials both the yolk-sack and the allantois are 
functional in rendering the chorion vascular makes it a@ prioré 
a that this was also the case in the primitive t of the 

lacentalia, and this deduction is supported by the fact that in the 
Rodentia, Insectivora and Chei: this peculiarity of the festal 
membranes is actually found. In the primitive Placentalia there 
was probably present a discoidal allantoic region of the chorion, from 
whic! aitaple foetal villi, like those of the pig (fig. 161 B), projected 
into uterine crypts; but it is not certain how far the umbilical t 
of the chorion, which was no doubt vascular, may also have 
villous, From such a primitive type of fertal membranes divergences 
in various directions have given rise to the types of fostal pe Ea 
now existing. 

In a general way it may be laid down that variations in any 
direction which tended to increase the absorbing capacities of the 
chorion would be advantageous, There are two obvious ways in 
which this might be done, viz. (1) by increasing the lexity of 
the fatal villi and maternal over a limited area, (2) by in- 
creasing the area of the of the chorion covered by placental villi, 
Neco combinations of the two processes would also of course be 

van 


supposing the will of the discoidal placental area to have become 
more complex, # 8 to form a deciduate discoidal placenta; while the 
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in 
In the Carnivora again we have to start from the discoidal pla- 
centa, as Peery ae that the allantoic region of the placenta 
is at first (p. 206). A zonary deciduate placenta indicates 
an increase both in area and in complexity. The relative diminution 
of the breadth of the placental zone in late foetal life in the zonary 
placenta of the Carnivora is probably due to its being on the whole 
udvat to secure the nutrition of the fortus by insuring a more 
intimate relation between the fatal and maternal parts, than by 
increasing their area of contact, The reason of this is not obvious, 
but as mentioned below, there are other cases where it can be shewn 
that a diminution in the area of the placenta has taken place, ac- 
com, by an increase in the complexity of its villi. 

second type of differentiation from the primitive form of 
discoidal ta is illustrated by the Lemuride, the Suidw, and 
Manis. In all these cases the area of the placental villi ay to have 
fncreased so as to cover nearly the whole subzonal membrane, without 
the villi increasing to any great extent in complexity, From the 
diffused placenta covering the whole surface of the chorion, differ- 
entiations a] to have taken place in various directions. The 

iscoidal placenta of Man and Apes, from its mode of ontogeny 
& 203), is clearly derived from a diffused placenta—very probabl. 

ilar to that. of Bees by x oneaninatice of the becethiiac ye 
are originally spread over the whole chorion, to a disc-shaped area, 
and by an increase in their arborescence. 

The pol; ledonary forms of placenta are due to similar con- 
centrations of the fartal villi of an originally diffused placenta, 

In the Edentata we have a group with very varying types of 
placenta. Very probably these may all be differentiations within 
the group itself from a diffused placenta, such as that found in Manis. 
The zonary placenta of Orycteropus is capable of being easily derived 
from that of Manis, by the disap, ce of the fetal villi at the 
two poles of the ovum. The small size of the umbilical vesicle in 

indicates that its discoidal placenta is not, like that in 
Carnivora, directly derived from a pene both allantoic and um- 
Dilical vascularization of the chorion. 'The discoidal and dome-shaped 
placentas of the Armadilloes, Myrmecophaga, and the Sloths may 
eusily have been formed from a difiused placenta, just as the discoidal 
placenta of the Simiade and Anthropidw to have been 
from a diffused placenta like that of the Lemurida. 
eae of zonary placents in Hyrax and Elephas does not 
b ily afford any proof of affinity of these ty with the Car- 
‘nivera. A zonary placenta may quite easily derived from a 
diffused ta; and the presence of two villous patches at the 
ee chorion in Elephas indicates that this was very probably 
he case with the placenta of this form, 
Althongh it is clear from the above considerations that the 
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placenta is capable of being used to some extent in classification, 
Pre one ine the striking resemblances which can exist 
ween such essentially aliferent: forms of placenta, ax for inwance 
of Man and the Rodentia, are likely to prevent it being employed, 
except in conjunction with other characters. 
~~ Special types of development, 
Guinea-pig, Cavia cobaya. Many years ago Bischoff (No. 176) 
shewed that the de of the different from 
a reer rine ce my to 


enon, 
ovum, enclosed by the zona radiata, into the ian tube 
Ei ee gtr let a which See al sloc peel 
detail. On the close of segmentation, about six days after impreg- 
it asmmes (Henson) a vesicular form not unlike that of other 
inner side of one wall of this vesicle ix attached a 
imass of granular cells similar to the hypoblastic mass in the blastodermic 
vesicle of the rabbit. The ill lies freely in the uteras, and is 
invested by its zona radiata hiiga oie 
spite of Bischoff’s, Reichert’s (No. 188) and Hensen’s observations still in- 
volved in obscurity. It is certain, however, that during the course of 
the sevent ae Sin ns AE eng OC the Gharins Taseee ieee 
the free side of the uterus, gives to a kind of diverticulum of the 
uterine cavity, in whieh the ovum becomes lodged. ‘ite the diver- 
ticalum the mucous membrane of the mesometric side of the uterus also 
‘becomes thiekened, and this thickening very soon (shortly after the seventh 
day) unites with the wall of the diverticulum, and completely shuts off the 
ees ae 
‘The history of the ovum during the earlier period of ita inclusion in the 


diverticulum of the uterine wall is not satis ily elucidated. There 
ay in the diverticulum during the eighth and days a 
cylindrical body, one end of which is at to the uterine at the 


mouth of the diverticulum. The opposite end of the cylinder is free, and 
contains « solid body. 


. hod 7 

Bischof and Schiifer maintain that the cylinder itself is the ovum attached 

to the uterine wall. The observations of the latter authors, and especially 

these of Schiifer, appear to me to speak for the correctness of their view '. 

gradually elongates up to the twelfth day. Before this 
r rf rs r 
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Fro. 162. Diannasnearic Loxarrepisan smcriow 
THROUGH THR FMNRTO OF A GUINEA-PIG Wir 17H 
(After Schiifer.) 






heen Jayer of mesoblast attaches itself to the 
ee ye tees Wall ee the ‘a somatic layer to the 
ner le, and a mass of meso! grows out into the 
vesicle forming the commencement of the allantois, 
e of the ovum at lis Naas ited on fig, 162, 
3 and the condition of wl ovum will be 
4 shapes 1) large j—th 
of two vesi (1) an outer one e 

: Bridle mortars walled Wa earea Seu 
at mm’, and (2) an inner smaller one (ev)—the originally 
end of the egg-cylinder. ‘The outer vesicle is formed of 

g of columnar hypoblast (4) which is either pierced or 


blast grows round the inside of the wall of the 
wall of the 









ire aie eum. ‘The 











smaller epiblastic vesicle, and where two vesicles come is 
situated the embryonic area with the primitive streak (/), and the 
seen 


medullary in longitudinal section. The thinner wall of the 
Eee Tao a ated at orlilack aosl meacio anseolac on] come 
the dorsal face of the embryo just like the amnion. It is in fact usually 
spoken of as the amnion. The large cavity of the outer vesicle is continuous 

the body cavity, and into it projects the solid mesoblastic allantois 


Se 


fe 
i 
i 


far without hypoblast’. 
le correspohds exactly with the yolk-sack, and its meso- 
layer receives the vascular supply. 


f 
; 
[ 
F 
3 
: 
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: 
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of the embryo at this stage i 
is 
given in fig. 163, 

‘The Plingerubapernfiah 
layers © Guinea-pig has 
naturally excited the aay 
of embryologista, but as yet no 
satisfactory explanation has been 
offered of it, 

At the time when the ovum 
first. becomes fixed it will be re- 
: wacniened Oras ih resembles the 

TAC RAMERLA ly blastodermic vesicle of the 
a TEI, te 8 

aan eas ovoM oF Goma roe pean mente = 

ADJACENT UTRRINY FAN 7Tr.08 apparet 
OF FRROSANCY, (aner Bischom) con binstic mass attached to the 
yk. inverted yolk-rack (umbilical hrm inner wall of the vesicle becomes 
tnd an internal vasealar jazey (ested) the solid body atthe end of the 
end of this layer ix inc cdaae temiealis, °@s-cylinder. ‘This appears to be 





: Bischoff's view, but as shown 
all. allantois; pi, A 
waternal shaded the nterine the solid mass is reall 
walle beaigim the i Tet concrete 
¢ hypoblast in one species 


+ Henson states that the hypoblast never grows into the allantois; while Bischof, 
om the point, implies that it does; he states however that it 


MAMMALIA. 221 


parison with that in other forms, unless all the early embryos known are 

to be as abnormal, The most remarkable feature in the devel 
it, Mea oie ip arentndlin cy ae EM eer pct a 

Seer eves sete tina branched villi. In the last fow yoars 


a3 






A 


Fio. 164. Tam mosax ovs DURING RARLY #TAOKS OF DEVELOPMENT. 
(From Quain’s Anatomy.) 


An ovum of UTNE vine hosel trsamm eis orn 
the formation of the placenta, Part of the wall of the ovum is removed to show 
(After Allen ‘Thomson. ) 


adjoining the uterine wall was a darker area (¢) formed of two lay of 
cells, which is interpreted by Reichert as the embryonic area, while the 
membrane forming the remainder of the ovam, including the Seahebal 
Sie ames eae by Rekciord to ‘bo, eoaspared ut a: shy row of epithelial 


Whether or no Reichert is correct in identifying his darker spot 
as the embryonic area, it ix fairly certain from the later observations of 
Beigel and Liwe (No.3 228), Ahlfeld (No, 227), and Kollmann (No, 234) on 
ova nearly as young as that of Reichert, that the wall of very young ova 
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has @ more complicated structure than Reichert is willing to admit, These 
authors do not however agree amongst themselves, but from Kollmann’s 


B 





Fie. 165. Twern xanty weMAN Exmpyos, (Copied from His.) 
A An eariyembiyo described by. His from the side am, amnion ; wae, unibilical 
vesicle; ch. chorion, to whieh the embryo is attached by a etalk, 
B. Embryo described by Allen Thomson about 12—14 days. wm. umbilical 


G. * Young embry9 Sencetbed by His, tu, umbilical vesicle. 


description, which appears to me the most satisfactory, it is probable that it 
is composed of an outer epithelial Iayer, and au inner layer of connective 
tissue, and that the connective tissue extends at » very early period into 
fee villi; so that the latter are not hollow, as Reichert supposed them 
to le. 

The villi, which at first leave the flattened free, seem soon to 
extend Biome ore con: S08 pldteg, Seal Sally, over the whole ovum 


No. er if ovum, are is ogrer telly phen vo ae 
08 in Doogitadioal idl Detonator of a al wan completly 
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‘The embryo at this V hich is about valent to that of 
hh ide ge ape ihe Regen 7 thal 


allantoic cord, it was quite free, and was provided with a small spherical 
sack-like allan ei similar to that of u fourth-day ehick, projected 
from its bind end. 





Soe 
GM 


Fro. 167, Frownes siewite 11% RARELY CHANGES IN THE FORM oF TKR HtaAN 
sean, (From Quain's Anatomy.) 
A. Head of an embryo of about four weeks. (Afler Allen Thomson.) 
B. Hoend of an embryo of about six weeks. (After Ecker.) 
©. Head of an embryo of about nine weeks. 
1, mandibular arch; 1’. persistent part of hyomandibular cleft; 4. auditory vesicle. 


Ea seid ah, wba apdrh ng a on Afra 
of villi upon it, of such an allantois at this stage in a 

i what is usually found that Kranse’s statements 
have been received with considerable scepti 


A detailed pee pean ee ienibey Herelcpeeea bce Set hereen wakeys 
does not fall within the province of this work ; while the later in 
the ombryonic membranes have already been dealt with (pp. 202— ). 
For the changes which take place on the formation of the face 1 may 
refor the reader to fig. 167. 
‘The most obscure point connected with the early history of the 
ovum concerns the first formation of the allantois, and the nature of the villi 
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covering the surfuce of the ovam. The villi, if really formed of mesoblast 
CS cca epiblast, ae true structure of chorionic villi; and can 


hardly be Ae villi of the dog which are derived from 
the subzonal membrane, cate less to those of the rabbit formed from 
the zona radiata, 


‘Unless all the carly ova so far described are pathological, it seems to 
follow that the mesoblast of the chorion is formed before the embryo is 
definitely established, and even if the pathological character of these ova 
is admitted, it is nevertheless probable (leaving Krause’s embryo out of 
eed) awn by the early embryos of Allen Thomson and His, that 

ied before the closure of the medullary groove, In order to meet 
this ‘iaiuley His supposes that the embryo never separates from the 
vesicle, but that the allan- 
toie stalk of the youngest embryo (fig. 
168) represents the ayes praia’ 
between the two’. His’ view has a good 
Saray said for it. I would venture, 
wosian SB erahiy iota eto 
area ly not in ‘two- 
layered stage, but that a mesoblast his 
already become established, and that it 
has grown round ae fuee of the = 5 
blastodermic vesic! the (apparent) 
perioral of the mien ere ie, 188, Dusan rose 
jis growth I regard as @ precocious wnien rx wunnvo (rts, 165 A) we 
Sormation of the mesoblast of the allantois Loxaxn. (After Hix. 
—an eS of the early formation Aw. amnion; Nb. umbilical vesicle. 
of the itaic mesoblast which is cha- 





end of the embryo in the manner indicated in His’ diagram (fig. 168 Am). 
These speculations have so far left Krause's embryo out of account. 
2io biotremaalh to be treated? Krause maintains that all the other 
embryos shewing an allantoic stalk at un early age are pathological. This, 
iy impossible, appears to mo, to say the loast of it, improbable ; 
ly why 


1 For a fuller tion of His" views I must refer the reader to his Memoir 
(No. 252), pp. 170, 171, and to the diagrams contained in it, 
BLE. IL 15 
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from the neural canal into the alimentary tract (fig. 169 C and E), 





Fio. 169, Exeneros or Aursmoxus. (After Kowaleveky.) 
‘The parts in black with white fines are epiblastio; the shaded parts are hypoblastic. 
A. Gnatrala stage in optionl section. 
B. ee ree ene nee eh te become differentiated, een a# 


a teuneparent object from the dorsal 

C. Lateral view of slightly older larca in optical section. 
D. Dorval view of an older larva with the neural canal completely closed except 
for a small pore (no) in front, 

E. Older larva soen as a transparent object from the side. 

61. blastopore (which becomes in D the neurenterie canal); ne. nearenterie canal; 
np. pearal or medullary plate; no, anterior opening of poral canal; ek. notochord; 
oo, soll, first and second mesoblastic somites, 





At a later period this canal closes, and the neural and alimentary 
canals become separated. 

Such is the simple history of the layers in Amphioxus. In the 
simplest: types of Ascidians the series of phenomena is almost the 
same, but the blastopore assumes a more definitely dorsal position. 

Here also the pore lies at the hinder end of the medullary 
groove, and on the closure of the groove becomes converted into a 
nenrenteric passage, 

Tn the true Vertebrates the types which most anprens Amphioxus 
are the Amphibia, Acipenser and Petromyzon. We may take the 
first of these as typical (though Petromyzon is perhaps still more a 
and fig. 170 A BC D represents four diagrammatic longitudi 
vertical sections through a form belonging to this group (Bombinator), 
The food-yolk is here concentrated in what I shall call the lower pole 
of the egg, which becomes the ventral aspect of the future embryo. 
The part of the egg containing the stored-up food-yolk is, as has already 
been explained in the chapter on segmentation (Vol. 1. pp. 77 and 78}, 
to be a as equivalent to part of those eggs which aS not contain 
food-yolk; a fact which requires to be borne in mind in any attempt 





COMPARISON OF THE GERMINAL LAYERS. 231 


to deal comparatively with the formation of the layers in the Verte- 
brata. It may be Tadd down as a general law, which holds very 
accurately for the Vertebrata, that in eggs in which the distribution of 
food-yolk is not uniform, the size of the cells resulting from segmen- 
tation is proportional to the quantity of food-material they contain. 
In accordance with this law the cells of the Amphibian ovum are of 
unequal size even at the close of segmentation. They may roughly 
be divided into two categories, viz. the smaller cells of the upper 
pole and the larger of lower (fig, 170 A). The segmentation 
cavity (sg) lies between the two, but is unsymmetrically placed near 
the w pole of the egg, owing to the large bulk of the ventrally 

ced yolk-seyments. the inequality of the cells at the close of 
segmentation the Amphibia stand in contrast with Amphioxus, The 





Fu. 170. DircnastMatic LoNorruDINAL SKCTIONS THROUGH THE ExUKYO oF Box 
SIXATOR AT THO BTAOKH, TO SMW THE FORMATION OF THK OKRMIXAL Laxens. (Modified 






‘. ventral mesoblast; hy. hypoblast; yk, yolk; 
hypoblast at the dorsal side of the blastopore ; 
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upper cells are mainly destined to form the epiblast, and the lower 
fhe hypoblast and ms 


© next change which takes is an invagination, the earliest 
traces of which are observable in fig.170 A. The invagination is not 
however so simple as in Amphioxes. Owing in fact to the presence 
of the food-yolk it is a mixture of invagination by epibole and by 
‘At the point marked « in fig. 170 A, which 
futnre hind end of the embryo, and is placed on the equatorial 
marking the junction of the and small cells, there 
# normal invagination, which gives rise solely to the hypol 
icy leeiretip aera: peateptabe ber ce askin “ 
blast. The invaginated layer inwards the point 2 
ied cones the docsslistla of the emticfa and between it and 
yolk-cells below is formed a slit-like space (fig. 170 B and C). 
space is the mesenteron. It is even better shewn in fig. 1 
presenting the process of Bameetnstin in Petromyzon. The point # in 
fig. 170 where epiblast, mesoblast and hypoblast are continuous, is 
boca paoes we a Seal Ea, tes Liao in Amphioxus. Tn 
course ¢ invagination the segmentation cavity, as in Amphi~ 
oxus, becomes obliterated, q 


te 


ib 


H 


between the epiblast cells and the yolk. 

Owing to the nature of the above of invagination the 
mesenteron is at first only provided with an epithelial wall on its 
dorsal side, its ventral wal bait formed of yolk-cells (fig. Mie At 
a later period some of the yolk-cells become transformed ito the epi~ 
thelial cells of the ventral wall, while the remainder become enclosed 
in the alimentary cavity and employed as pabulum, The whole of 
the eae the as on of the mesoblast, are however 
1 logically part of the hypoblast. 

e fant fate of the Labs is nearly the same as in Amphi- 
oxus. It gradually narrows, and the yolk-cells which at first plug it 
up disappear (fig. 170 C and D). The neural groove, which 
formed on the surface of the embryo, is continued 
from the point in fig. 170 ©. On the conversion of this groove. 
into a canal the carl freely opens behind into the blastopore ; 
and a condition is reached im which the still opens to 
peony ST wren nevral canal K 170 De 

stage (fig. 172) the e: ing of the blastopore 
closed by the medullary folds meeting behind it, but the passage 
connecting the neural and alimentary canals is left. There is one 


a 
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small difference between the Frog 





ceeds backwards, so that the Fro, 171, Loxerrepixat RETICAL SECTION 
shlitetin of ibe ‘enteral Tunovou AX xxuev0 or Prxmowyeex a” 196 

isa . mesoblast; yk, yolkcells; al. alimen. 
late event in the formation of tary tract; bt adopt ee ieguintation 
the medullary canal. ary. 

The anus is formed (vide fig. 172) some way in front of the 
pra and a Ue pa gut, continuous with the neurenteric canal, 
is thus established. 

Both the post-anal gut 
and the neurenteric 
canal eventually dis- 


Beata two otheetypee 
classed above with the 





with reference to both ' 

‘ : Fio, 172. Lo: HON ‘THROWGI - 
typesitmay be pointed yaxcen temo oF Bountsaron. (After Gotte.) 
out ‘that the ovam con- m, mouth; an. anus; ¢. liver; ne. newrenteric canal; 
tains relatively more me. medullary canal; ¢h. wotochord; pn. pineal gland, 


oly bes than that of 

the Amphibian type just described, and that this leads amongst other 
Usings to the lower layer cells extending up the sides of the segmen- 
tation cavity, and assisting in forming its roof. 

The next type to be considered is that of Elasmobranchii. ‘The 
yolk in the ovum of these forms is enormously bulky, and the seg- 
inentation is in consequence a partial one. At first sight the 
differences between their development and that of Amphibia would 
appear to be very great. In order fully to bridge over the gulf 


—_ : 








cclear that the d 
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which separates them I have given three diagrammatic longitudinal 
sections of an ideal form intermediate between Amphibia be tea 
branchii, which differs however mainly from the latter in the smaller 
amount of food-yolk; and by their aid I trust it will be made 

A idorencon between the Amphibia and Elasmobranchii 
are an 


with the yolk-cells of the Amphibian embryo. The only 
difference between the two embryos arises from the roof of 
the eyeoiaton cavity being formed in the Elasmobranch em! of 
ee pial we da ola al in eg Amphibian bet yale 
i no pends w e ter quantit 
in the Elasmobranch ovum, wnat a eeoniloe clet Gbubon pre lower 
layer cells is found in Aci and in Petromyzon. 
In the next stage for the Elasmobranch (8 . 173 and 174 B) and 
for the Amphibian (fig. 170 C) or better still Petromyzon (fig. 171) 
the agreement between the three types is again very close. For 
a small arc («) of the edge of the blastoderm the epiblast and 
hypoblast become continuous, while at all other parts the i 
accompanied by lower layer cells, grows round the yolk or round the 
cells which correspond to it, The yolk-cells of the Amphibian 
em form a comparatively small mass, and are therefore rapidly 
en ; While in the case of the Elasmobranch embryo, owing to 
the greater mass of the yolk, the same process occupies a long 
The portion of the blastoderm, where epiblast and hyphae 
continuous, forms the dorsal lip of an ‘ing—the blastopore— 
which leads into the alimentary cavity. “This cavity has the same 
relation in all the three eases. It is lined dorsally by lower v 
cells, and ventrally by yolk-cells or what corresponds with yolk- r 
a large part of the ventral epithelium of the alimentary canal being 
in both cases eventually denved from the yolk. In Amphibia this: 


| 


inns this stage of development very well suits the view of its 
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epithelium is formed directly from the existing cells, while in Elasmo- 
branchii it is derived from cells formed around the nuclei of the yolk. 





Fo. 175. Trunk DAGKAMMATIC LONOITUDINAL BECTIONS THKOVGM AX IDKAL TYRE 
oy VERTEDRATE EMBRYO INTERMEDIATE IX TH MODE OF FONMATION OF ITS LAYERS 
setweew Auprima on Pernomysox axo Etaxmonnancutt. 

‘4g. sogmentation cavity; ep. cpiblast; m. mesoblast; hy. hypoblast; ne. neural 
canal; ai, mesenteron; 1, of the yolk. 

As in the earlier stage, so in the present one, the anatomical 
relations of the yolk to the blastoderm in the one case (Elasmo- 
branchii) are nearly identical with those of the yolk-cells to the 
blastoderm in the other (Amphibia). 

The main features in which the two embryos differ, during the 

under consideration, arise from the same cause as the salitary 
point of difference during the preceding stage. 

In Amphibia the alimentary cavity is formed coincidently with a 
true ingrowth of cells from the point where epiblast and hypoblast 
become continuous; and from this ingrowth the dorsal wall of the 
alimentary cavity is formed. The same ingrowth causes the oblitera~ 
tion of the segmentation cavity. 
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owing probably to the larger bulk of the lower 
iti ypoblast cells arrange themselves in their 


‘tation, and no room is left for a tre 





and the yolk. The homology of this space 
with the primitive savaginance cavity is nevertheless proved by the 
survival of a number of features belonging to the ancestral iti 
in which o true invagination was present. Amongst the more im- 
portant of these are the following:—(1) The continuity of epiblast 
and hypoblast at the dorsal lip of the blastopore. (2) The continuous 
conyersion of primitive hypoblast cells into permanent hypoblast, 
which extends inwards towards the segmentation cavity, 
and exactly ts the course of the invagination whereby im 
Amphibia the dorsal wall of the alimentary cavity is formed. (3) The 
obliteration of the segmentation cavity during the period when the 
pseudo-invagination is occurring. 

In the next stage there appear more important differences be- 
tween the two types than in the preceding stages, though here again 
the We i ee “yer meee onl ‘tial 

igs. 170 174 © it itudinal sections through 
apts after the closure of the medullary canal. The neurenterie 
canal is established; and in front and behind the epithelium of the 
sala wall Lhe lana begun to be formed. 401 i, 

The meso! is represented as having grown in between 
medullary canal and the superjacent epiblaee 

There are at this stage two points in which the embryo Elasmo- 
branch differs from the corresponding Amphibian embryo, (1) In 
the formation of the neurenteric canal, there 18 no free passage leadi 
into the mesenteron from the exterior as in an (fig. 170 DE 
(2) The whole yolk is not enclosed by the epi and therefore 
part of the blastopore is still open. 

‘The difference between Amphibia and Elasmobranchii in the first 
of these points is due to the fact that in Elasmobranchii, as in 
Amphioxus, the neural canal becomes first closed behind ; and simul- 
tancously with its closure the lateral parts of the lips of the blasto- 
pore, which are continuous with the medullary folds, meet together 
and shut in the hindmost part of the alimentary tract. 

The second point is of some importance for understanding the 
relations of the eraatidn of the layers in the amniotic and the non- 
atnniotic Vertebrates. Owing to its lange size the whole of the yolk 
in Elasmobranchii is not enclosed be the epiblast at the time when 
the neurenteric canal is established; in other words a small pos- 
terior and dorsal portion of the blastopore is shut off in the forma- 
tion of the neurenteric canal, The remaining ventral portion be- 
comes closed at o later period. Its closure takes place in a linear 
fashion, prcmaneing at the hind end of the embryo, and proceedin; 
apparently backwards; though, as this part eventually becomes 
in to form the ventral wall of the embryo, the closure of it really 
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travels forwards, The causes however the embryo to cease 
Paluabaleytige’of ibe ‘blasted blastoderm, and while situated at some 





Fie, 174. Disonasmarre LoxorvupiaL sections or ax Exassonnaxcm ©MARYO. 

Epiblast without shading. Mesoblast black with clear outlines to the cells. Lower 
evry enn reese in Apia setting a 

Pp. epi M m. mesoblast; aé iment cavit mn cavity; ne. 
neural canal; ch, Lad ar point wer a Yopctiart become continuous 
at the posterior end of the embryo; n. nucle 

A Boyar age ea , With the: tate beats cavity enclosed in the lower 
layer ve 
term niin which th ena tyne spec The amentalin Sa 

an wi @ alimentary cavity le ee 

‘still represented, though by this stage it hax i és 


in 
cqntinuows posteriorly with the, alimentar canal The novochon, thongh shaded 





distance from Ah om to be connected with it by a linear streak, 
representing the eseed lips of the blastopore. The above pro- 
cess is diagrammatically represented in fig. 175 B; while as it actually 
occurs it is shewn in fig. 30, p. 52. The whole closure of the blasto- 
pore in Elasmobranchii is altogether unlike what takes place in 
Amphibia, where the blastopore remains as a circular opening which 

ually narrows till it becomes completely enveloped in the 
medullary folds (fig. 175 A). 

On the formation of the neurenteric canal the bear of the embryo 
Elasmobranch becomes ually folded off from the yolk, which, 
owing to its great size, forms a large sack appended to the ventral 
side of the body, The part of the somatopleure, which grows round 
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cz is dite i. ‘1 modified portion of the ventral wall of 
body. The mopleure also enlopes it, 80 that, 


me yolk lies within the mesenteron. - 
The ie al ena earth Hnalrnchi we th ae 
the neuren- 


athe pepe fo “evel (ong the erin 


blast a eg 


In the preceding pages I have attem to shew that the Am- 
i Petron: the Elssmgbranchit and the Te 


gastra ich is 
all is, I believe, to be explamed by the form of the vertebrate be 
In Amphioxus, where the small amount of food-yolk is 
pcek uniformly, there is no reason why the invagination and resulting 
satg not be p yoinetoral n true Vertebrates, where rae 
feng is present, the shape and structure of the body render it 
for the food-yolk to be stored away on the ventral side of 
the alimentary canal. It is this fact which causes the asy: of 
ca i se eis nt ible for the part of the ovam, which 
the ventral wall of the alimentary tract, and which is 
Inde with, food-yolk, to be invaginated in the same fashion as the 
"aap Th f the diffe the Ichth; 
ie comparison of the different t lari S 
opsida is fairly simple, but the comparison of the Sau ch the 
Tehth, ja isa far more difficult matter, In all the Seuropsida ae 
isa food-yolk, and the a tara agrees closely with that 
in the Elasmobranchii. It might haye been anticipated that the 
resemblance would continue in the subsequent development. This 
however is far from being the case. The medullary plate, instead of 
\ying at the of the erm, lies in the centre, and its forma- 
tion is by that of a peculiar structure, the primitive streak, 
which, on the formation of the medullary plate, is found to lie at the 
hinder end of the latter and to connect it with the edge of the blasto- 


derm. 
The ibility of a place between the Sauropsida and 
Pigs yomialty, psd 


the Elasm pon the explanation being ible of 
Q), the oy weer of the eeabayo. near the centre of the erm, 
oN acne ature of the primitive streak, 
to these two questions are, according to my view, 
faiouvely neat bound 


yaterel 
Teonsider that the embryos of the Sauropsida have come ree 
a central rrto that by wich, in lasmobreoehit ofa 
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peripheral position, as well as the true neurenteric part of the Elas- 
mobranch blastopore. 





Fro, 175. Dikonaxte 1.1.08 TnaTrxo rae rosrrrox OY THE BLASTOPORE, AXD THE RELATION 
OF THE EMMKYO TO THE YOLK TS VARIOUS MENONLANTIC VERTERRATE OFA, 


A. Type of Frog. B. Elasmobranch type. C. Amniotic Vertebrate. 


mg. moluliary plate; ne, neurenteric canal; bl. portion of blastopore adjoining the 
nenrenteric canal, In B this part of the blastopore is formed by the edges of the blas- 
toderm meeting and forming a linear streak behind the embryo; and in C it forme the 
stmieture known aa the primitive streak. yk, part of the yolk not yot enclosed hy 
‘the blastoderm. 


This view of the nature of the primitive streak, which is 
diagrammatically illustrated in fig. 175, will be rendered more clear 
by brief review of the enrly developmental processes in the 


pariopida: 

ir segmentation the blastoderm becomes divided, as in Elasmo- 
branchii, into two layers. It is doubtful whether there is any true 
representative of the segmentation cavity. The first structure to 
appear in the blastoderm is a linear streak placed at the hind end of 
the blastoderm, known as the primitive streak (figs, 175 ©, bf and 176 
). At the front end of the primitive streak the epiblast and hypo- 
become continuous, just as they do at the dorsal lip of the 
blastopore in Elasmobranchii. Continued back from this point is a 
streak of fused megoblast and epiblast to the under side of which a 

linear thin layer of hypoblast is more or less definitely attached. 
A further structure, best developed in the Lacertilia, appears in 
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eee Ne Ge oyte be pemmeertetionnlicg the blastoderm at the 
front end of the primitive streak (fig. 176 ne). This passage is 
bounded anteriorly by the layer of cells forming the continuation of 
the hypoblast into the epiblast, ane 

In the next stage the medullary plate becomes formed in front of 
the primitive streak (fig. 175 C), and the medullary folds are continued 
backwards so as to enc! pec mae ae ibs recep ei 
the blastoderm. On the closure of the medullary canal (fig. 177) this 
passage leads from the medullary canal into the alimentary tract, and 
1s therefore the neurenteric canal; and a post-anal gut becomes 
formed. The latter of the above ‘ion applies to 
the Lizard: but in ia and most Birds distinct remnants (vide 
pp. 135 and 136) of the neurenteric canal are developed. 

On the hypothesis that the Sauropsidan embryos have come to 
occupy their central position, owing to an abbreviation of a process 
analogous to the linear closing of the blastopore behind the embryos 
of Elasmobranchii, all the appearances above described receive a satis- 
be at The at the front end of the primitive 
streak is the dorsal rartakthe blastopore, which in Elasmubranchii 
becomes converted into the neurenteric canal. The remainder of the 

imitive streak represents, in a rudimentary form, the linear streak in 
Biaenobranchii, formed by the coalesced edges of the 
which connects the hinder end of the embryo with the still open 3 
Maslaporse ‘That it is in later stages not continued to the edge of the 
bi , 28 in Elasmobranchii, is due to its being a radimentary 
organ. The more or less complete fusion of the layers in the primitive 
streak is simply to be explained by this structure representing the 
coalesced of the blastopore; and the growth outwards from it 
of the mesoblast is probably a remnant of a primitive dorsal in- 
vagination of the mesoblast and hypoblast like that in the Frog. 


ne am 


= | > 1 
-~ ch 4y 
Fro, 176, Duomsnane Loxorrenixss auction oF AX xamavo or Lacenra, 


vil eat nearenteric canal; ek. notochord; Ay. hypoblast ; 
op. ois sv wreak the primitive streak all the laere are fartally 


The final enclosure of the yolk in the Sauropsida takes place at 
the pole of the -sack opposite the embryo, so that the b! 

is formed of gt cay (1) the neurenteric canal, (2) the primi- 
Dates is, (3) the blastopore at the pole of the yolk- 
opposite embryo. 

Mammalia. Soin neato cod iat pened pone 
Mammalia receive their most sati € tion on the hypo- 
thesis that their ancestors were provided with a large-yolked ovum 
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like that of the Sauropsida. The food-yolk must be su; to have 
Gadiinhd z Jig 
veloped on the es- 
tablishment of a 
maternal nutrition 

7 penta 

mn this 

thesis all the He 
velopmental phe-~ 
nomena subse- 
quently to the for- 
mation of the blas- 
todermic vesicle re- 





explanation, Sus thavisica bap’ or ie, mussvo Bias AY Sar ins oF 

The whole of tim ronsattox or rue Antaxtom. 
the blastodermic —_¢. ‘eultlants “Eps. spinal ‘canaly ch. notochands n-. 

5 jouren' nal; Ay. + pabg. rs 
Vesicle, except the Prarreee ciunliive alec folded An fn hiss veatl side: 
embryonic area, re- qj, allantois; me. mesoblast; an. point where anua will be 
presents the yolk- formed; p.c. periviscoral cavity; am, amnion; #, somato- 
sack, and the pleure; sp. splanchnopleure. 

of the hy- 
poblast and then of the mesoblast round its inner wall represents the 
ing growths in the Sauropsida. As in the Sauropsida it 

becomes constricted off from the embryo, and the splanchnopleuric 
stalk of the sack opens into the ileum in the ugual way. 

Tn the formation of the embryo out of the embryonic area the 
phenomena which distinguish the Sauropsida from the Ichthyop- 
sida are Th yy centre of the area; and 


e embryo lies in 
before it See there appears a primitive streak, from which there 








Fie, 178 Orrsean axcrions or 4 Ranurr's ovew ar 1Wo STAGES CLORELY 
YOLLAWING ON THE aOwRNTAION, (After E, van Benoden.) 


. epiblast; hy. primary hypoblast; bp. Van Beneden’s #0-called blastopore, 
‘The shading of the opiblast and hypoblast is diagrammatic, 
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CEE Ea Bara cabal a ae At the front end of the 
primitive streak the hypoblast and epiblast become continuous, 
Sir a ie Dect rea nance Glo pne See ey been detected. 


be insisted on further. The Svidewe ths con 
of Mammalia and Sauropsida, as concerns the formation of 

and of the embryonic membranes, is as clear as it can be. 

T Spas Sella at Sep ea eo ent of Mammalia is 

recone bya e epibolic la and the ation of the blaste- 

ic vesicle (figs. 178 179). That the segmentation is a com- 

pee conic loubt « direct equence of the reduction of the 

but the growth of the epi abies cee 

and the final enclosure of 

the eer rag tees have 
on of as rise to 

the onitais eeia are 

notes eas 


rere ae to 
berm at the pole of 
egg opposite to the em= 


embryonic area corresponds 

approximately to the blas- 
Fo, 179, Rasme's ovem merwaex 70-00 topore, 

MOURS AFTER irneaxatios, (After E. van "Waar cBeniudent 





seat) 
the Mammalian 

cavity of blastodarmis vesicle (yolk-rek); as eouivalent to that in 

= svat hy. prititive hypoblast; Zp. mu- the. phibia but if ‘the 
ition io} lopted 

about. — ‘imitive Siachap is to be maint Van Beneden's Mae 
must © satisfactory phylogenetic explanation of the 
Mammalian gastrula by epibole has in my opinion as yet been offered. 


The formation of the blastodermic vesicle may perhaps be ex- 
on the view that in the Proto.mammaia the yolks was 
and that its blood-vessels took the 
of igher forms. On this view a reduction in bull, fth the ovarian 
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The formation of the Mesoblast and of the Notochord. 


Am The mesoblast originates in Amphioxus,as in several 
primitive invertebrate types, from a pair of lateral diverticula, con- 
stricted off from the archenteron (fig. 180). Their formation com- 
mences at the front end of the body and is thence carried backwards, 
and each diverticulum contains a prolongation of the cavity of the 
archenteron, After their separation from the archenteron the dorsal 


oo8 


me) ae a eet OF AN ee xMnuYo AT TuNEE STAGES. (After Kowaleveky,) 


Bi. Bection ota cae tn exbrso so slightly younger than that represented fn fig. 109 D. 


€, Section Se je anterior part of an embryo at the stage represented 
np. neural plate; me, noural canal; mes. archenteron in A and B, and mosentoron 
in ©; ch. notochord; 20, mesoblastic somite, 





parts of these diverticula become divided by transverse septa into 
successive somites, the cavities of which eventually Sere while 
the walls become mainly converted into the muscle-plates, but also 
into the tissue around the notochord which corresponds with the 
vertebral tissue of the higher Chordata, 

The ventral part of cach diverticulum, which is prolonged so as to 
‘meet its fellow in the middle ventral line, does not become divided 
into somites, but contains a continuous cavity, which becomes the 
body cavity of the adult. The inner 
Tayer of this part forms the splanchnic 
mesoblast, and the outer layer the so- 
matic mesoblast. 

The notochord would almost. a ea es 
to arise as a third median and 
diverticulum of the archenteron (Gg, 180 
ch). At any rate it arises as a central 
fold of the wall of this cavity, which is at 
(a constricted off from before Fie. 181. Txaxsvers® oprtcat, 





me 
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SesTION oy THR TAC OF AN. 
YO 
suo Dyocherda, In simple Asians (After Rowaleraky.) 
ie above processes undergo a slight ‘The section is from an embryo 
modification, beers is mainly due (1) to ot ers beats te) ie ae = 
a general simplification of the organiza- ; lester tone 
am and (2) to the non-continuation of blast Pre Gatun 
the notochord into the trunk. 
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‘The whole dorsal wall of the posterior part of the archenteron is 


Ate She etande Tact ot the sche te ee 
notoc! passes wholly into Pe hen limentary tract. 
The derivation of the mesoblast 
posterior part of the archenteron is clearly comparable with the 


eae process in Amphioxus. 
fertebrata, In turning from Amphioxus to the true Vertebrata 


side of the middle line (fig. 182 
m). These two sheets are at first 
id masses ; and their differen- 
tiation commences in front and 
is continued backwards, After 
B their formation the notochord 
the, hypoblet’ (ehiel bade 
op the whicl no 
ad share in giving rise to the two 
iy mesoblast plates) as a solid 
thickening (fig, 183 ch’), which 

Fro. 182. ‘Two Taixsvneek aeerroxs oy is separated from it as a eb 
aoe Pavstienvs OF Tie AME MIE AR rod. Its. differentiation, like that 
ls Z of the mesoblastic plates, com- 
+ speed peten yes ee Gen be 
mg, medullary ye; ep. opiblast; hy. lates subsequent! become di- 
hypobiast; mal cells formed round. the Fided for there whole into 
noclet of the yolk which have entered the 44 layers, between which a 
we ine h cavity is devine (fig. 184). 
¥ . 
mente ee ne Me Sel OF the rae “dorsal parte. of Ole eal 
become divided by transverse 
partitions into somites, and these somites with their contaimed cavities 
are next se] from the more ventral parts of the plates ‘ 

185 mp). In the somites the cavities become eventually oblit 

and from their inner sides plates of tissue for the vertebral bodies 
x. 186 Vr) are separated; while the outer parts, consisting of two 
containing the remains of the original cavity, form the muscle- 
lates (mp). 
\ ‘The ‘individed ventral portion gives rise to the general somatic 
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and splanchnic mesoblast 
(fig. 185), and the cavity 
between its two layers con- 
stitutes the body cavity. 
The ori separate 
halves of the cavity 
eventually meet and unite 
in the ventral median line 
throughout the 

of the body, though 
in the tail they remain 
distinct and are finally ob- 
literated. Dorsally they 
are separated by the me- 
sentery. From the meso- 
blast at the junction of the 
dorsal and ventral parts 
of the primitive plates is 
formed the urinogenital 
system. 

That the above mode 
of origin of the mesoblast 
and notochord is to be re- 
garded as a modification 
of that observable in Am- 

jioxus seems probable 
the following con- 
siderations :-— 

In the first place, the 
mesoblast is split off from 
the hypoblast not as a 
Single mass but as a pair 
pare ith the paired 

wi paire 

iverticula in Amphioxus. 
Secondly, the body cavity, 
when it appears in the 
mesoblast plates, does not 
arise as a single cavity, but 
as @ pair of cavities, one 
Sor each plate of mesoblast; 
‘and these ae remain 
permanent! istinct in 
some Ree of the body, 
and epee mute till Sr 
comparatively late period. 
Thirdly, the primitive body 
cavity of the embryo is 
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Frio. 183, Tunes sxertons or a Parerroncs 

KMHYO KLLGHTLY OLDER THAN 710. 29 B, 
‘The sections show the development of the noto- 

chord. 

Ch, notochord; Ch’. developing notochori; m7. 


medullary groove; Ip, lateral plate of mesoblast; 
‘ap. opiblast; hy. hypoblaat, 





Fro. 184, Transverse section Tirnovow rie 
TALL-RRGION OF 4 PResTIURCS KMRRYO OF THR SAK 
40K a8 v1, 28 B. 

df, dorsal fin; sp.c. spinal cord; pp. body- 
cavity ; sp. splanchnic layer of mesoblast ; 49, 
somatic layer of mesoblast; mp’. commencing dif. 
ferentiation of muscles; ch. notochord ; a. sub- 
notochordal rod arising as an outgrowth of the 
dorsal wall of the alimentary tract; al. alimentary 
tract, 
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not confined to the in which a 
we adult, but ex- 


boty. cavity exists in 
eae to the summi pot arearels siaies ee 
at first separating parts whi: me 
FSppin ie eang in the adult to form 
the iteral muscles of the body. 

t is difficult to understand how the 
body cavity could thus extend into the 
muscle-plates on the suj ition that it 

its a primitive split in the meso- 
Tlasb Watweant (He wall of the gut and 
the body-wall ; tia ssvensien or this 

is quite intelligible, on the 

Thesis that it sears the cavition of 
two diverticula of the alimentary tract, 
from the muscular walls of which the 
voluntary muscular system has been de- 
rived; and it may be pointed out that 
the derivation of part of the muscular 
system from what is ap) tly eplanch- 
nic mesoblast is easily explained on 
the above hypothesis, but not, so far as 
1 see, on any other, 

Such are the main features, presented 
by the mesoblast in Elasmobranchii, 
which favour the view of its having 7 
originally formed the walls of the ali- 
mentary diverticula, Against this view 
of its nature are the facts (1) of the 
mesoblast plates being at first solid, and 
(2) of the body cavity as a con- 
sequonce of this never commu- 
nicating with the alimentary 


Fie. 185. Skertox rxovem 
‘THK THUNK OF 4 SOTLLIUM RAMRTO 
SLIGHTLY YooNoxs THax 28 B, 
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eal she points, +e ae of ee sp aensinciens AREER eal 
our know! 2 of embryological 45 F ey 
beet else cannot pe ys ) ay) AV/)] 

ed as great difficulties in my (4 ty 


hypothesis. We have many ex- 
amples of organs, which, though 
in most cases arising - involu- 
tions, yet in other cases 
as soled jeparetbe Such ex- 
amples are afforded by the optic 
vesicle, auditory vesicle, and 
probably also by the central ner- 
vous system of Osseous Fishes. 
In most Vertebrates these or- 
guus are formed as hollow in- 


vd f nc oh 
x ss) 
AK UK RAY 

Pio. 186. Honmovrat, section Taxevem 
THR THONK OF AX JOLRNYO OF BCYLAIUM Con 
SIDERABLY YoUNeRR Tuan 28 F, 

‘The section is taken at the level of the 
notochord, and shews the separation of the 
cells to form the vertebral bodies from the 


inten. 
notochord; ¢p. epiblest; Vr. rudiment 


vertebral body; mp. musole-plate; mp’. 
Peri afaande pata Sera 
10 longitudinal muscles. 
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yolutions from the exterior; in Osseous Fishes, however, as solid 
Sc ae a which a cavity is secondarily established. 

‘here are strong grounds for thinking that in all Vertebrates the: 

it on_each side of the notochord originate independ 

ently, much as in Elasmobranchii, and that the notochord is derived 

from the axial hypoblast; but there are some difficulties in the appli- 

cation of this general statement to all cases. In Amphibia, Ganoids, 


In Petromyzon avd the Newt the whole axial plate of dorsal 
separated off from the rest of the hypoblast as the 

notochord, and this mode of origin for the notochord resembles more 
closely that in Amphioxus than the mode of origin in Elasmobranehii. 
Tn Teleostei, there is reason to think that the processes in the 
ee of ae ae reseed oe what ne been de- 
eribed as typi } thyopsida, but there are still some points 
caged I it the consid : f 
cl ida, we may to the consideration o! 

the ‘ida and Mammalia. In bath of these types there is evi- 
dence to shew that a part of the mesoblast is formed in situ at 
the same time as the bypoblast, from the lower strata of segmen- 
tation This mesoblast is absent in the front part of the 
area ida, and on the formation of the primitive streak (blasto- 
pre an outgrowth of mesoblast arises from it as in Amphibia, ete. 
From this region the mesoblast spreads as a continuous sheet to the 
sides and posterior part of the blastoderm. In the region of the embryo, 





Pio. 187. Tnaxevanse section rrnovor ax eaunyo Rannrr or eto pays 
ep opiblast; me. mesoblast; hy. hypoblast; my, medullary groove. 


its exact behaviour has not in some cases been quite satisfactorily made 
out. There are reasons for thinking that it appears as two sheets 
Regios in the axial line in both Lacertilia (fig. 126) and Mammalia 

g. 187), and this to some extent holds true for Aves (vide p. 130), 
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248 MESOBLAST AND NOTOCHORD, 
In Lacertilia (fig, 188) and Mammalia, the axial hypoblast becomes 
wholly con pasline notochord, which at the posterior 


end of 
ths body, continued into tho) epiblast- at Abe deren]! Boe Ais 
blastopore ; while in Birds the notochord is formed by a very similar 
(fig. 189 ch) process. 





Fin. 183. Dosnamsario toxortupnat, BecTION TimovON AX EXenRTO LazAKD TO sue 
‘TUR RELATIONS OF THR NEUBENTERIC CANAL (me) AND OF THK rmivirive wrmeAx (pr), 


am. Eas ce welbtent te, Lupetlaat ch, notochord; pp, body cavity; me. 

The above Siac formation of the ree it are for the 
most easily explai @ comparison wil e lower types. 
The Tea ae the mesoblast regia sides of the primitive 
streak is a rudiment of the dorsal invagination of hypol and 
mesoblast found in smphlte and the apparent outgrowth of the 
mesoblast from the epiblast in the primitive streak is no more to be 
taken as a art of the epiblastic origin of the mesoblast, than the 
continuity of the epiblast with the invaginated hypoblast and meso- 





Fio, 199, TRaxsvxnsx xnorpox THROVOM THE EMNRYONIO REGION OF TIE NLASTODEIA 
oF 4 CHICK AF THR TIME OF THE FORMATION OF THE NOTOCIOND, BUT BRYORE THE 
APPEARANCE OF TIE MEDULLARY GROOVE, 
ep. opiblast; hy. hypoblast; ch. notochord; me. mesoblast; ». nuclei in the yolk: 

otis Eaten se 


blast at the lips of the blastopore in the Frog of the derivation of 
these layers from the epiblast in this type. 

The division of the mesoblast into two ae along the dorsal 
line of the embryo, and the formation of the notochord from the 
axial hypoblast, are intelligible without further explanation. The 
appearance of part of the mesoblast before the formation of the 
primitive streak is a process of the same nature as the differenti- 
ation of bypoblast and mesoblast in Elasmobranchii without an 
invagination. 
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_ In the Sauropsida, some of the mesoblast of the vascular area would 
eo in situ out of the germinal .wall, by a process of 
e similar to that which takes in the yolk adjoining 

: in Elasmobranchii and Teleostei, The meso 80 
formed is to be com with that which arises on the ventral side 
of the embryo in the , by a direct differentiation of the yolk-cells. 
What was stated for the Elasmobranchii with reference to the 
sen fate of the mesoblast holds approximately for all the other 


The Epiblast. 
The epiblast in a lange number of Chordata arises as a single 
row of more or less columnar cells. Since the epidermis, into which 
it becomes converted, is formed of two more or less distinct strata in 
all Chordata except iS pisos and Ascidians, the primitive row of 
eete cells, when single, necessarily becomes divided in the course 
dev ent into two aye 

Br Ricpenne: and Leqsanetsay, ae coitus en abe. Sask 
j, Aci) r, idosteus, the epi! is from the it 

of two distinct strata. The upper TF these, formed of a single 
row of cells, is known as the epidermic stratum, and the lower, formed 
of several rows, as the nervous stratum. In these cases the two 
original strata of the epiblast are equivalent to those which appear at 
a later period in the other forms, Thus Vertebrates may be divided 
into groups according to the primitive condition of their epiblast, viz. 
a larger group with but a single stratum of cells at first; and a 
smaller group with two strata, 

While there is no great difficulty in determining the equivalent 
parts of the cana in these two groups, it, still remains an open 
question in which of them the epiblast retains its primitive condition. 

‘Th it is not easy to bring conclusive proofs on the one side 
or the other, the balance of argument en to me to be decidedly 
in favour of regarding the condition of the epiblast in the larger 
group as primitive, and its condition in the smaller group as 

i , and due to the throwing back of the differentiation of 
the epi to a very early period of development. 

Tn favour of this view may be urged (1) the fact that the simple 
condition ig retained in Amphioxus through life. (2) The correlation 
in ibia, and the other forms belonging to this group, between 
a auditory pit and the early division of the epiblast into two 
strata ; arabe no doubt that the auditory oe was at first per- 
manently open, a condition of the epiblast which necessitates its 
never having an external opening must clearly be menor te (3) It 
appears more likely that a particular genetic feature should be thrown 
back in development, than that such an important feature, as a 
distinction between two primary layers, should be absolutely lost 
during an early period of development, and then re-appear in later 
stages, 
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250 THE CENTRAL NERVOUS SYSTEM. 


The fact of the epiblast of the nenral canal being divided, like 
the remainder of the layer, into nervous and epidermic parts, cannot, 
I think, be used as an argument in favour of the opposite view to 
_ here maintained. It rec Let cea that caemital oes oe 
the nervous system arose netically as an involution 
exterior, and that the is em aie it is merely part of the 
original epidermis, which has retained its primitive structure as a 
ieapla lntsatam, “bot in’ rattrel ydistingalahalle irtea) dha cage 
structures adjacent to it. 

Where the epiblast is divided at an early period into two strata, 
the nervous stratum is always the active one, and takes the main 
share in forming all the organs derived from the layer, 

Formation of the central nervous In all Chordata an 
axial strip of the dorsal epiblast, extending from the lip of the 
blastopore to the anterior extremity of the head, and known as the 


e0e 


Fro. 190. Srottoxs or 4x Astrasoxvn mamuvo ar THneR Stace, (After Kowaleveky.) 
A. serpent egoleeb 

B. Section of an embryo slightly younger than that represented in fig. 169 .D. 

Cr faction thacmgia Alia Qalettor: patt:of an eenbyo At, eg alee Perea 

fig. 169 E. 


np. neural plate; mc. neural canal; mes. archenteron in A and B, and mesenteron 
in C; eh. notochord; 0. mesoblastic somite, 


medullary plate, becomes isolated from the remainder of the layer to 
give rise to the central nervous axis, 

According to the manner in which this takes place, three 
may, however, be distinguished. In Amphioxus the axial strip 
comes first detached from the adjoining epiblast, which then meets 
and forms a continuous layer above it (fig. 190 A and Bap), The 
sides of the medullary plate, which is thus shut off from the surface, 
bend over and meet so as to convert the plate into a canal (fig. 1900 
ne). In the second and ordinary type the sides of the medullary 
eae over and meet so as to form a canal before the plate 

es isolated from the external epiblast, 

The third type is characteristic of Lepidosteus, Teleostei, and 
Petromyzon. Here the axial plate becomes narrowed in such a 
way that it forms a solid keel-like projection towards the ventral 
surface (fig. 191 Sc). This keel pal eT becomes separated 
from the remainder of the epidermis, and a central canal is after- 
wards developed in it, Calberla and Scott hold that the epidermic 
layer of the skin is involuted into this keel in Petromyzon, and 
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Calberla maintains the same view for Teleostei (fig. 32), but farther 
observations on this subject are required. In the Teleostei a very 
shallow Eepresion along the axis of the keel is the only indication of 
the medullary groove of other forms. 

Tn Amphioxus (fig. 180), the Tunicata, Petromyzon (?), Elasmo- 
branehii (fig. 182), the Urodela and Mammalia (fig. 187), the epiblast 
of the medullary plate is only formed of a single row of cells at the 
time when the formation of the central neryous system commences ; 
but, except in Amphioxus and the Tunicata, it becomes several cells 

before the completion of the process. In other types the epi- 
blast is several cells deep even before the differentiation of a medul- 
lary plate. In the Anura, the nervous layer of the epidermis alone 





Fig. 191. Sxeriox tmovow ax Homnve oy Lepiposreus ON THR FHETH DAY 
APTER IMPREONATION, 


MC. medullary cord; Ep. epiblast; Me. mosoblast; hy. hypoblast; Ch. notochord. 


is thickened in the formation of the central nervous system (fig. 72); 
and after the closure of the medullary canal, the epidermic layer fuses 
for a period with the nervous layer, though on the subsequent for- 
wation of the central epithelium of the nervous canal, there can be 
little doubt that it becomes again distinct. 

It seems almost certain that the formation of the central nervous 

from a solid keel-like thickening of the epidermis is a derived 
and secondary mode; and that the folding of the medullary plate into 
a canal is primitive. Apart from its greater frequency the latter 
mode of formation of the central nervous system is shewn to be 
the primitive type by the fact that it offers a simple explanation of 
the presence of the central canal of the nervous system; while the 
existence of such a canal cannot easily be explained on the assumption 
that the ceutral nervous system was originally developed as a keel- 
like thickening of the epiblast. 

It is remarkable that the primitive medullary plate rarely ex- 
hibits any indication of being formed of two symmetrical halves. Such 
indications are, however, found in the Amphibia (fig. 192 and fig. 
72); and, since in the adult state the nervous cord exhibits nearly as 
distinct traces of being formed of two united strands as does the 
ventral nerve-cord of many Chwtopods, it is quite possible that the 
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structure of the medull: te in Amphibia be more primitive 
eer USE oee “hea ee 

ormation organs of special sense, The more important 
parts of the organs of smell, sight, and hearing are derived from the 
epiblast; and it has been as- 
serted that the pit, 
optic vesicles 
pit take their origin from @ 
5 


senseplate, 





Fro. 192. Tuaxsvensn sxcTiox Tnovon Tue 
cermaiic Mumtox or 4 YouSb Newr xamnyo. former layer alone 


(After pout ies Osborn.) ry involuted in the formation 
oh whieh sel tocar Ibe nobochord ex vel f The eure and the 
Of neural plates ep. splanchooplonras al ae Behe 

mentary tract; yh. and Yhy. of which are never devi 


while it is also mainly eon 
cerned in the formation of the olfactory pit, 


Summary of the more important Organs derived from the three ger- 
nrinal layers. 


The epiblast primarily gives origin to two ve jouatas parts of 
the body, viz. Gheconteal Ae ioreer and thie epidermis. 

It is from the involuted epiblast of the neural tube that the 
whole of the grey and white matter of the brain and spinal cord 
appear to be developed, the simple columnar cells of the epiblast 
being directly transformed into the characteristic multipolar nerve 
cells. The whole of the sympathetic nervous system and the peri- 
pheral nervous elements of the body, including both the spinal and 
the cranial nerves and gunglia, are epiblastic in origin. 

The epithelium (ciliated in the young animal) lining the canalis 
ventralis of the spinal cord, together with that lining the ventricles 
of the brain, is the undifferentiated remnant of the primitive 
epiblast. 

" The epiblast also forms the epidermis; not however the dermis, 
which is of mesoblastic origin. The line of junction between the 


* A parallel to the anpaired medullary plate of most Chordata is supplied by the 

logically anpaired ventral cord of most. und some Crastacea. In these 

fra three ile St at entra cond as aban rom oi 
rr strands, 

Aersappead Usk Tos sme ony have Cone thy Sase ia Un Cherise oe 
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epiblast and the mesoblast coincides with that between the epi- 
dermis and the dermis. From the epiblast are formed all such 
tegumentary organs or parts of organs as are epidermic in nature. 

In addition to the above, the ppiblast plays an important part in 
the formation of the organs of special sense, 

According to their mode of formation, these organs may be 
arranged into two divisions. In the first come the where 
the sensory expansion is derived from the involuted e iBlast of the 
i canal. To this class bel the retina, fading the 
pigment epithelium of the choroid, which is formed from the original 
optic vesicle budded out from the fore-brain. 

To the second class belong the epithelial e: ions of the 
membranous labyrinth of the ear, aida cavity of the nose, which 
are formed by an involution of the epiblast covering the external 

of the embryo. These accordingly have no primary connee- 
tion with the brain. ‘Taste bulbs’ and other terminal nervous organs, 
such as those of the lateral line in fishes, are also structures formed 
from the external epiblast. 

Tn addition to we have the crystalline lens formed of invo- 
luted epiblast as well as the cavity of the mouth and anus, and the 
glands derived from them. The pituitary body is also epiblastic in 


m the hypoblast are derived the epithelium of the digestive 
canal, the epithelium of the trachea, bronchial tubes and air cells, 
the cylindrical epithelium of the ducts of the liver, pancreas, thyroid 
body, and other glands of the alimentary canal, as well as the 
hepatic cells constituting the parenchyma of the liver, developed 
from the hypoblast, cylinders given off around the primary hepatic 


Homologous probably with the hepatic cells, and equally of hy 
blastic origin, m4 the apleoidal laseelion cells’ of the safest oes 
other gl The epithelium of the salivary glands, though these so 
closely resemble the pancreas, is probably of ae origin, inas- 
much as the cavity of the mouth is ecitively lined by epiblast. 

The hypoblast also lines the allantois. To these must be 
added the notochord and subnotochordal rod. From the mesoblast 
fre formed all the remaining parts of the body. The muscles, the 
bones, the connective tissue aud the vessels, both arteries, veins, 
capillaries and lymphatics with their appropriate epithelium, are 
entirely formed from the mesoblast. 7 

‘The generative and urinary organs are entirely derived from the 
mesoblast, It is worthy of notice that the epithelium of the urinary 
glands, though resembling the hypoblastic epithelium of the alimen- 
tary canal, is undoubtedly mesoblastic. 

“From the mesoblast are lastly derived all the muscular, connective 
tissue, and vascular elements, as well of the alimentary canal and its 
as of the skin and the Nequmeniery organs. Just as it 

ie epidermic moiety of the latter which is derived from the 


Se 


254 GROWTH IN LENGTH OF THE EMBRYO. 
jiblast, so it is only the epithelium of the former which comes from 
the hypoblast. 


Growth in length of the Vertebrate Embryo. 
With reference to the formation and growth in length of the body of 


the Vertebrate em! two different views have been put forward, which 
ee coma Sa Faaniratch emir  p One 
these views, em ts adopted in previous 
is that the ce. embryo arises from a differentiation of the 


Chato- 
ley ciatesentonatiotdlsiensot aechiatatiod taspaan ie ast foneed 
somite and the hind end of the bod, 

A second and somewhat paradoxical view has been recoutly. brought, 
Gai aoniltanaa iy His are Baber. ‘This view has moreover since been 
SSE EY many embryos) ead han) beaita, piareain 
between the formation of the mesoblastic plates of the Chietopods and 
the medullary folds of Vertebrata, According to this view the 
grows in length by the coalescence of the two halves of the thickened 
a; the blastoderm in the dorsal median line. The groove between 

Cio ote tele eay increases in length by the 
of fresh portions of the edge of the blastoderm, 

he tollowing is His’ own statewent of his view; “I Leet 
Tbe aatps of Obocs Flakes grows together in length from two. 
cally-placed structures in the thickened edge of the blastoderm. 
foremost end of the head and the hindermost end of the tail a 

concreseence, since they are formed out of that part of the edge 
Mamudiea witch, together with the two lateral halves, completes the 
The whole edge of the blastoderm ix used in the formation of the embryo,’ 

‘The edges of the blastoderm which meet to form the body of the embryo 
are regarded as the blastopore, so that, on this view, the blastopore- 
tively extends for the whole bt ia of the dorsal aide of the embryo, and 
the ‘e between the coalesced lips becomes the medullary groove, 

{ix ot pul fr mo to eater at any grat length So the wngument 
used to support this position. 

‘They may os ited HN) srt appearance ; ie that the 
thickened Dlastoderm is continuous with the medullary fold. 

mG), Ca feces (His) which mainly appear to me to prove 

growth takes place by the addition of fresh somites between that 
Sint Rirsand'assl thalendt of the body. 
9! rack Of the eared of double monsters (Rauber), 
of these arguments to be very forcible, but as the view of 
His aud Rauber, if true, would certainly be, im , I shall 
shortly to state the arguments against it, em) ores 
Elasmobranchii, Pg epee ger of which, ee He, oe 


ue 
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which he adopts is more conclusively proved than by that of any other 
group. 

1) The general ay ce of the thickened of the blastoderm 
() the Spiga 


continuous wit 


Since, however, the medullary folds are merely parts of the 
medullary plate, and since the medullary plate is continuous with the 
adjoining epiblast of the embryonic rim, the latter structure must be con- 
tinuous with the medullary folds however they are formed, and the mere 
fact of their being so continuous cannot be used as an argument either 

iy. Moreover, were the concrescence theory true, the coalescing edges 
the blastoderm might be ex; Ge discan aniexonba carga ae 
other, which they are far from doing. 

@ The medullary groove becomes closed behind earlier than in front, 
and closure commences while the embryo is still quite short, and 
before the hind end has begun to project over the yolk, After the medullary 
canal becomes closed, and is continued behind into the alimentary canal 
by the neurenteric passage, it is clearly impossible for any further increase 
in length to take place by concrescence. If therefore and Rauber’s 
view ix accepted, it will have to be maintained that only a small part of 
the body is formed by concrescence, while the larger posterior part grows 
by intussusception. The difficulty involved in this supposition is much 
increased by fact that long after the growth by concrescence must have 
ceased the yolk mapa still remains open, and the embryo is still 

‘the edge of the blastoderm ; so that it canuot be maintained 
inlet seo by concrescence has come to an end because the thickened 
edges of the blastoderm have completely coalesced, 

The above are arguments derived celere a consideration of the 
growth of the embryo ; and they prove (1) that the points adduced by His 
and are not at all conclusive; (2) that the growth in length of 
the greater part of the body takes place by the addition of fresh somites 
behind, as in Chwetopods, and it would therefore be extremely surprising 
that a smal! middle part of the body should grow in quite a different way, 

Many minor arguments used by His might be replied to, but it is 
hardly necessary to do #0, and some of them depend upon erroncous views 


a3 


at the same time ax the medull lute, while, as a matter of fact, 

REE eateries ct appear till considerably later. In addition to the argu- 

ments of the class hitherto used, there may be brought against the His- 
Rauber view a series of arguments from comparative embryology. 

My Were the vertebrate blastopore to be co-extensive with the dorsal 


Placed exnetly at the hind end of the body, though later it passes up just 
on to the dorsal side (vide p. 3). It nearly closes before the appearance of 
eames prove or mesoblastic somites; and the medullary folds have 
nothing to do with sein except in so far as they are continuous with 
them behind, just ax in Elusinobranchii. 

(2) The yolk in the Vertebrata is placed on the ventral side of the 
‘body, and becomes enveloped by the blastoderm ; 40 that in all large-yolked 
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SPeatabentes Usreityul walls of in| body ars. Sbvicelly comiiehen PyES 
closure of the lips of the blastopore, on the ventral 


completed by the 
closure of the blastopore, the whole of the dorsal, as well as of the 
wena wal ofthe emi at be fred hy the ener of he 
of the blastopore ; whic! sto the ac ay a thn 


of blastoderm in Clupea and Gasterosteus is 

with the concrescence 
‘he more the theory of Hf and Rauber is examined by 
comparative cmbryology, the more does it appear quite untenable; and it 


rea 7 ra ta Nl arr pear eleperes s t ve study of verte- 
Wake pie the blastopore of Vertebrates ix jitively situated 
i the yb at ving oth devon a age 
it also extends, in most cases, over a larger or smaller part of 
the ventral side. 


The origin of the Allantois and Amnion, 
ment and structure of the allantois and amnion have already 


cin Beret retumsenk leah ix od alge oe ee a 
but a few words as to the origin of these parts will not be out of place 


here. 
The Allantois. The relations of the allantois to the adjoining organs, 
and the conversion of its stalk into the bladder, afford ample evidence that 


embryo, bas xcquired ‘Sauropsida) and nutritive 
functions, No form Fae to ae been y with the he ee 
& transitional state between an ordinary bladder and « large vascular sack. 


The advantage of secondary respiratory organs during fostal life, in 
addition to the yolk-sack, is evinced by the fact that such organs are very 
widely Rapala icistiac Lolth yoq psida, Thus in Elaxmobranchii we have 
Regt gills (cf. p. 51). Amongst Amphibia we have the tail modified 
alos Rireeececny engen Sasbipe Awecscans: ; and in Notodelphis, Alytes, 
and Cvcilia are modified and enlarged 
for respiratory purposes within the egg (cf. pp. 116 and 118). 

The Amnion. si nt om peo die om 
a aromas and it does not seem possible to derive it 


we pga hover, very probable that it was evolved pari 
the allantois, as a simple fold of the somatopleure round the 
Morte iobo coblck the allantois extended itself as it increased in size and 
became a respiratory ongun, 6 oils he Ce ity aaa eee 
a fold, having once started, to become larger and burger in order to give 
more and more room for the allantois to spread into, 

‘The continued increase of this fold would lead to its edges on 
Te IT el et le alow Mtaceietb 


COMPARISON OF THE GERMINAL LAYERS. 257 


To afford room for the allantois close to the surface of the egg, 
where respiration could most advantageously be carried on, it would be 
convenient that the two laming of the amnion—the true and false am- 
nion—should then separate and leave a free space above the embryo, and 
thus it may have come about that a separation finally takes place between 
“the true and falxe amnion. 

This explanation of the origin of the amnion, though of course hypo- 
thetical, has the advantage of suiting itself in most points to the actual 
ontogeny of the organ. The main difficulty is the early development of 
the head-fold of the amnion, since, from the position of the allantois, it 
might have been anticipated that the tuil-fold would be the first formed 
and most important fold of the amnion. 
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au attempt to deal with the whole subject ; while the origin of certain 
‘of the organs is dealt with in a more specinl manner in the chapters 
on onganogeny which form the second part of this work. 

Before entering upon the more special subject of this chapter, 
it will be convenient to clear the ground insisting on a few 

rie alae ae Alec ta a from the study guns 
—a which, ly in some respects erate, 18 
nevertheless capable of furnishing on certain points very valuable 
evidence. 


(1) Tn the first place it is clear from Amphioxus that the ancestors 
of the Chordata were segmented, and that their mesoblast was divided 
into myotomes which extended even into the region in front of the 
mouth. The mesoblast of the greater part of what is called the head 
in the Vertebrata proper was therefore segmented like that of the 
trunk. 


‘The only internal skeleton present was the wnsegmented 

icted=e fact which danottint, that the skeleton is of com- 

ively little importance for the solution of a lange number of 

ital iio as for example the point which has been 

mooted recently as to whether gill-clefts existed at one time in front 

of the t mouth ; and for this reason:—that from the evidence 

of ioxus and the lower Vertebrata’ it is clear that such clefts, if 

ever existed, had atrophied completely before the formation of 

{ < Iirey pct wells any salty Lert in front 

of the mouth, whiel ve in m ists as 

branchial bars, can never have Booey sige Re the alle of 
branchial clefts. 





| 


260 THE PREORAL LOBE. 


Sy neo of the eng metre ta ees On 
the peo etn ye Oe He SY was appa Bo 
primitive organ, to indicate with approximate s 
posterior limit of the branchial clefts. 

With these few preliminary observations we may pass to the 
main subject of this section. A fundamental question which presents 
Bree ete Ce) Coli of ont tlties eral te 


In the Chet the head is formed of a preoral lobe and of the 
oral segment; while in Arthropods a somewhat variable number of 
segments are added behind to this primitive head, and form with it 
what may be called a secondary compound head. It is fairly clear 
that the section of the trunk, which, in Smphionais poem 
the visceral clefts, has become the head in the Vi 
so that the latter forms are provided with a secondary head Ii 
that of Arthropods, There remain however difficult questions (1) as 
to the elements of which this bead is composed, 2) as to the 
sah of its Toye the sey of the Cl nd 

n Arthropods is isa distinct element 
the head known as the iat lobe pep er of Ari 
and the preoral lobe in that of Chutopods; and this lobe is: 
characterized by the fact that the supracsoph ganglia and optic 
organs are formed as differentiations of of the epiblast coveri 
it, Is such an element to be recognized m the head of the 
From a superficial examination of Amphioxus the answer would 
undoubtedly be no; but then it has to be borne in mind that 4 
oxus, in ieee Sercopisone e burying itself in ese: 
a rate in the dev. t of its sense-organs ; 80 it is not 
diffcalt to believe that its lobe may have become so redneed 
as not to be recognizable, the true Vertebrata there is a portion 
of the head which has undoubtedly many features of the 
Jobe in the types already alluded to, viz. the part contai the 
Ca jpecsehires ot the Sia icneoee ria ara there pc ig 

jomologous with the su i 

Tre Tivetalicnton, and it difficult to Tebora date is not such a 
part, it must be part of, or contain, the fore-brain. The fore-brain 
resembles the supramsophageal ganglia in being intimately connected 
in its development with the optic organs, and in supplying with nerves 
only organs of sense. Its connection with the ol is an 

ment in the same direction. Even in Amphioxus isa 
small bulb at the end of the nervous tube supplying what is very 


4 ‘The extension forwards in the Vertebrate of an tminterrupted into 
the region previously oocapsed by visceral clefts presents no diffienlty. In Aw 
torte divided 


pouches. Ges the iisappenrnoes of the poucles All teow wand natura alee 
into a continuous whole. a 


= 


ON THE ANCESTRAL FORM OF THE CHORDATA, 261 


probably the homol of the olfactory organ of the Vertebrata; 
and it y yl hon le that this bulb is the reduced rudiment of 
what forms the ‘brain in the Vertebrata, 

The evidence at our disposal appears to me to indicate that the 
third nerve belongs to the cranio-spinal series of segmental nerves, 
while the optic and olfactory nerves appear to me equally clearly 
not to belong to this series’. The (aid: ea as giving origin to the 
thind nore, would appear not to have an part the ganglion of 
b) : 

‘hese considerations indicate with fair probability that the part 
of the head containing the fore-brain is the equivalent of the 
lobe of many Invertebrate forms; and the primitive position of the 
Vertebrate mouth on the ventral side of the head affords a distinct 
su, for this view. It must however be admitted that this part 
of the head is not sharply separated in development from that behind ; 
and, though the fore-brain is usually differentiated very early as a 
distinct lobe of the primitive nervous tube, yet that such differentia- 
tion is hardly more marked than in the other parts of the brain. The 
termination of the notochord immediately behind the fore-brain is, 
however, an argument in favour of the morphological distinctness 
ct evid ar disposal ndicate that the 

e evidence at our di: appears to indicate that terior 

of the head was not differtntinted from the trunk Et lasek 

rdata; but that, as the Chordata rose in the scale of development, 

more and more centralizing work became thrown on the anterior part 

of the nervous cord, and part wt this part became differentiated 

into ie erie hind-brain. An analogy for such a apenas 
lied in the compound bined eae ganglion of man; 

; and, as will be shewn in the chapter on the nervous ein thee 
is strong embryological evidence that the mid- and hind-brains had 
primitively the same structure as the spinal cord. The head ap- 
pears however to have suffered in the course of its differentiation a 
great concentration in its posterior part, which becomes progressively 
more marked, even within the limits of the surviving Vertebrata. 
This concentration is especially shewn in the structure of the vagus 
nerve, which, as first pointed out by Gegenbaur, bears evidence of 
having been originally com of a it series of nerves, each 

a visceral cleft. Rudiments of the posterior nerves still 
remain as the branches to the asophagus and stomach’, 

The atrophy of the posterior visceral clefts seems to have taken 

simultaneously with the concentration of the neural part of the 

; but the former process did not proceed so rapidly as the latter, 


in his valuable ‘on the development of the olfne! in, takes 
Scale ect, For a discussion a Gil glee Tostas elle the 


‘nervous syatem. 





lateral of the vagus nerve Resieabiy orate, ailerenttned in) snes. 
es 1 the lateral line, which seams to have been first formed in the head, and 
tly to have extended into the trank (ride section on Lateral Line). 
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ea that Sea vieserdli of the head is in the lower Vi 
brata than the n region, and is lly overlapped by 


regis part of the spinal cord and the pare muscle-plates (vide 
On the above view the posterior part of the head mast have been 
originally composed of « series of somites like those of the trunk, but 
in existing Vertebrata all trace of these, except in so far as they are 
indicated by the visceral clefts, has vanished in the adult, The ceanial 
nerves however, especially in the embryo, still indicate the number 
of anterior somites ; and an embryonic segmentation of the 
has also been found i in many lower forms in the region of the 
giving rise to a series of cavities known as head-cavities, enclosed by 
giving Hi walls which afterwards break up into muscles, These 
cavities correspond with the nerves, and it appears that there is a 
premandibular cavity corresponding with the third nerve ( Ai 
anit a mandibular cavity ( af 
cavity in each of the su vis- 
ceral arches, The fifth nerve, the 
seventh nerve, the gl 
nerve, and the a e 
the vagus nerve correspond 
Lage 59 head-cavities. 


saat taerel Manon pan 


ae o ncjat to the conshieana 
the central canal of the nervous system 
has been formed by a groove having 


» which was placed immediately 
i the skin, or may perhaps at 
at oning othe cri that stage not have been di 
sania ree aa tha meena ny = {he ake, o Raa 
p necneper eee mio 4 and that this groove sub- 

randivatar head cavities ferent became converted into @ 
canal, his view is not only sup- 





Sima cane oessodangy eek a 

nerve ; aun, anditory secon , bu 

nerve; Vii. seventh nerve; aa. dor- sence of cilia in the epithelium ie 

: the canal, probably inherited from cilia 
coating the external skin, ond OY vis 

the posterior roots arising from the extreme dorsal line (fig. 
apie which can most easily be explained ou the 
it the two sides of the plate, from which the nerves 
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led have been folded up so as to meet each other in the 


median dorsal line’, 
The eaeed 

spreve, is (except in Amphibia) without 
indicati composed of two 


structure which points to their having 
arisen from the coalescence of two late- 
ral, and most probably at one time in- 
dependent, cords; and as already indi- 
cated this is the view I am myself in- 
clined to ado; jd pp. 251 atl 253 
The origin and nature of the 
mouth. The most obvious point con- 
neeted with the development of the 
mouth is the fact that in all vertebrate 
embryos it is placed ventrally, at some 
little distance from the front end of the 
. This feature is retained in the 
adult stage in Elasmobranchii, the Myx- 
inoids, and some Ganoids, but is lost. in 


though it aequires in this position a 
distinetly biting character in the Elas- 
tmobranchii, yet it is almost certain that 


it had not such a character in the 
ete, and See its terminal 

pov in hig! indicates a ste] 
Tesstvance of the Himobranehi a 
On the structure of the 


plate, before becoming folded to form the medullary 





Fro. 194. Thaxavense sxo- 
TION THROUGH THR THONK OF AN 
RMNRYO KLIGWTLX OLDER THAN 
ig, 28. 

‘ne, neural canal; pr, posterior 
root of spinal nerve; «. subnoto- 
chordal rod; ao, aorta; sc. Ho~ 
matio mosoblast; sp. taereerery 
mp’. i Eriobdepia pane nae 

ion of te con= 
rey muscle; Ve. portion 
of the Lied plate which will 
give rise to the vertebral bodies; 
al. alimentary tract. 


imitive mouth there lee to me to 


be some interestin; ing « embryological evidence, to which attention has 


already been called in the preceding chapters. 
of the larve or em Vert 
more or less disti 

suctorial which may be placed 


Tn a large number 


os of the lower Vertebrates the mouth has a 
ly suctorial character, and is connected with 
either in front of or bebind it. 


The more important instances of this kind aie) the Tadpoles of 


the Anura, with their posteriorly placed suctorial 


ise, (2) Lencianteae 


larva (fig. 195) with its anteriorly placed suctorial dise, (3) the 


adhesive papillm of 


the lary of the Tunicata. To these may be 


added the suctorial mouth of the Myxinoid fishes". 


Vide for farther details the chapter on the nervous xystem. 


1 
* Tho existing Myxinoid Fishes are no doubt degencrate 


— 
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All these considerations point to the conclusion that 
in the ancestral Chordata the mouth had a more or less 
definitely suctorial character’, and was placed on the ven- 
tral airhece immediately behind the praeoral lobe; and 
that this mouth has become in the higher types gradually 
modified for biting NI and has been carried to the 
front end of the head. 

The mouth in Elasmobranchii and other Vertebrates is originally 
a wide somewhat rhomboidal cavity (fig. 28 G); on the development 
of the mandibular and its maxillary (rterygo-quadrate) process the 
opening of the mouth becomes narrowed to a slit. @ wide con~ 
dition of the mouth may not improbably be ini ted as a remnant 
of the suctorial state. The fact that no more definite remnants of 
the suctorial mouth are found in so primitive a group as the Elas- 
mobranchii is probably to be explained by the fact that the members 
of this group undergo an abbreviated development within the egg. 


While the emlryological data to me to point to the existence of a 
primitive suctorial mouth, very ditkrent conclusions have been put forward 


ive to merit a farther discussion. 


by other embryologists, more expecially by Dohrn, which are sufficiently 
iki i 
rep mentioned above, both Dohrn and Semper hold that the Vertebrata 
are descended from 





Frio, 195. Vewrnan umAD 
Lariesraus sxanvo encets? barons itarenmea, Ventrally coalesced. 
7O ANEW THK LARGE AECTORIAL Drsc, A full discussion of these 
m. mouth; op. eye; el. suetorial disc, views* is not within the scope 


habits; much in the : 
Frvocrel ovtog to Saar robterraumaa taltie Teast set wih no enemy 
e fdisppearod uns whole fom it lacapeity to mgs meoeata oat 
Wulctedia ia chick tres Jurs bed beouw develogel 


not jaws. 
* For a partial discussion of this subject I would refer the reader fomograph 
om Flommoiranch Fishes, pp. 105-172. =e = ska! 
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arch) supporting the then eescan bee tatally modified and converted 
into raul for the mouth, and finally formed the skeleton 
a ees hyostylic Vertebrata the arch also became 
in connection with the formation of the jaws. 
‘The conclusions arrived at may be summed up as follows: 
The relations which exist in all jaw-benring Vertebrates between 
the mandibalar arch and the oral aperture are secondary, and arose 


pars sre ith the 
ution of the pte ae 
The cranial flexure 
La an head 
All embryologists who 
stadied the embryos of the 


various vertebrate 
have boon struck withthe 





Pwo. 196, Tux reaps or Rtasmomaxon xx- sich an extent that the mid- 
BxTOS AT YO STAGES VIEWED as TnaNsrauer brain forms the termination 


omecrs. of the long axis of the body. 
go ht Pritineax ext of the sane stagn 08 ‘At a later period in deve- 
GP = -enang igre peal in ec eo the cerebral hemi- 





+ 1 do not mean to excinite the possibility of the mandibelar arch having supported 
Ginotborial ttuth balonn fh Doone ccnverigd inlo pair of awe, 


= 


time of the maximum cranial flexure that it could tara have been 
functional; so that it is almost impossible to believe that an aniwal with a 
head such as that of these embryos can have existed. 

Then again, this type of embryonic head is ly characteristic of the 
Amniota, of which ure developed in the egg. It is not generally so marked 
inthe Ichthyopsida, In Amphibia, Teleostei, Gunoidw and Petromyzontidm, 
the head never completely acquires the peculiar characteristic form of the 
head of the Amniota, and all these forms are hatched at a relatively much 
earlier of development, so that they are leading a free existence at a 
stage when the embryos of the Amniota are not yet hatched, The only 
poe gonan re with a head like that of the Amniota is the Elasmo- 

, and the Elasmobranchii are the only Ichthyopsida which undergo 
the major part of their development within the ogg. 

‘These considerations appear to shew that the peculiar characters of the 
embryonic head above alluded to are in some way connected with an 
embryonic as opposed to a larval development; and for reasons which are 
explained in the section on larval forms, it is probable that a larval develop- 
ment is a more faithful record of ancestral history than an embryonic 
it, The flexure at the base of the brain a) however to be a 
vertebrate character, but this flexure never to a conformation of 
in the adult state similar to that of the embryos of the Amniota, 
the head in these embryos is probably to be explained by sup- 
some advantage ix gained by a relatively early development of 
in, which appears to be its proximate cause ; and since these embryos 
to lead a free existence (for which such a form of the head would 
unsuited) there was nothing to interfere with the action of 
ral selection in bring. 
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Tn face of the facts which are known with reference to the post-anal 

section of the alimentary tract, it can hardly be doubted that this 

portion of the alimentary tract must have been at one time fune- 

ional. This seems to me to be shewn (1) by the and 

jester develops fo tha borer tan tn the Sgher ican: (0 ME 
ent in in i ( 

Hs relation tthe formation of the notochord. adm 


If the above position be admitted, it is not permissible to shirk 
the conclusions thieh seem necessarily to follow, however great the 
difficulties may be which are involved in their acceptance. These 
conclusions have in part already been dealt with by Dohrn m_ his 
suggestive tract (No, tte Tn the first place the alimentary canal 
must primitively have continued to the end of the tail; and if 
80, it is hardly credible that the existing anus can have been the 
original one. “Although, therefore, it is far from easy, on the physio- 
logical principles involved in the Darwinian theory, to understand 
the formation of a new anus‘; it is nevertheless to believe 
that the present vertebrate anus is a formation acquired within the 
ear of the Chordata, and not inherited from some older gre. 
is involves a series of further consequences. The opening of 
urinogenital ducts into the cloaca must also be secondary, and it is 


They are in fact continued in many existing for some 
distance behind the present anus. If the present anus is ry 
there must have been a primitive anus, which was probably situated 
behind the post-anal vesicle ; and therefore in the region of the neu- 
renteric canal. The neurenteric canal is, however, the remnant of the 
blastopore (vide p. 230). It follows, therefore, that the vertebrate blasto- 
pore is probably almost, if not exactly identical in position with the 
primitive anus, This consideration may assist in explaining the re- 
markable phenomenon of the existence of the neurenteric canal. The 
attempt fins already been made to shew that the central canal of the 
nervous system Sereallys arose converted into a tube and lined by the 
external epidermis. is tube (as may be concluded from embryo- 

ical considerations) was probably at first open posteriorly, and no 
doubt Sarge at Eeeminive pase in jo pti the 
primitive opening, the termin: ions of the u 
and the neural atari conceivably tae bee 80 placed at a 
of them opened into a common cavity, which previously had commu- 
nication with the exterior by the anus. Such an arrangement would 
necessarily result in the formation of a neurenteric canal. Tt seems 
not impossible that a dilated vesicle, often present at the end of the 


3 Dohrn (No. 25) ‘explanation of the origin of the new anu 
io eroith ig At lig Dal ea als 
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post-anal gut (vide fig. 28", p 48), may have been the common cavity 

into which both neural and alimentary tubes opened’, Till further 

light is thrown by fresh discoveries upon the primitive condition of 

the posterior continuation of the vertebrate alimentary tract, it is 
fruitless to attempt to work out more in detail the above 
tion. 

Body-cavity and mesoblastic somites. The Chordata, or at 
least the most primitive existing members of the group, are charac- 
terized by the that the body-cavity, arises as a pair of outgrowths 
of the archenteric cavity, This feature* in the development is a nearly 
certain indication that the Chordata are a rey, primitive stock, The 
most remarkable point with reference to the development of the two 
outgrowths is, however, the fact that the dorsal part of each out- 
growth becomes separated from the ventral. Its walls become 

and form the mesoblastic somites, which eventually, on 
the obliteration of their cavity, give rise to the musele-plates and to 
the tissue surrounding the notochord. It is not easy to under- 
stand the full significance of the processes concerned in the forma- 
tion of the eee somites (vide p. 246), The mesoblastic somites 
have no doubt a striking resemblance to the mesoblastic somites 
of the Chwtopods, and most probably the entation of the 
mesoblast in the two groups is a phenomenon of the same nature; 
but the difference in Ca between the two types of mesoblastic 
somites is so striking, and the development of the museular system 
from them is so dissimilar in the two groups, as to render a direct 
descent of the Chordata from the Chwtopoda very improbable. The 
yentral parts of the original outgrowth give rise to the permanent 
body-cavity, which appears enamels to have been divided into two 
parts by a dorsal and a ventral mesentery. 

The notochord, The most characteristic organ of the Chordata 
is without doubt the notochord. The ontogenetic development of 
this organ probably indicates that it arose as a differentiation of the 
dorsal wall of the archenteron; at the same time it is not perhaps 
safe to lay too much stress upon its mode of development. Embryo- 
Jogical and anatomical evidence demonstrate, however, in the clearest 
manner that the early Chordata were provided with this agen ba ee 
sole axial skeleton; and no invertebrate froae can fairly be regarded 
as genetically related to the Chordata till it can be shewn to 
some organ either derived from « notochord, or capable of having 


4 As pointed out in Vol. 1. p. 211, thore is a striking similarity between the hist 
‘of the neurenteric canal in Vertebrates, and the history of the aatopore Preprery 
groove ax doscribed by Ko in the larva of Chiton, Mr A. has 
‘out to me that the ciliated ventral groove in Protoneomenia, which contains 
‘the atus, is probably the homologue of the groove found in the larva of Chiton, and 
‘not, as auppored, simply the foot, ‘Were this groove to be converted into a canal, 
on the sides wero placed the nervous conts, there would be formed w procixely 


mnggost 
“the: between the two (vide Hubrecht, Zool. Anzeiger, 1880, p. 
Spartans St Samia 
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become developed | pane peers No such organ has as yet been 


in an ertebrate group', 
he gill-clefts, which are essentially pouches of the 
ning externally, constitute extremely characteristic organs 
dite Coen and and have always been taken into consideration in 
si comparison between the Chordata and the Invertebrata. 
Amongst the Invertebrata A of undoubtedly the same nature 
poo tan bad ey, Nay Sau a. Balenogtonmny Nore, Ci (aim 
ere eter bh iten aaiblo verge heer ts in Balanc, 
striking; but it is qui it in 
glossus are gutcally ieainnae ith those of the Chordata, yet the 
eS ecauae et i dannglones ily acpbateso disor than Uae 
the Chordata that no comparison can be instituted between the 
two groups in the present state of our knowledge, 


Other orguns of the Invertebrata have some resemblance to the gill-clefts. 
‘Tho Interal pits of tho Neinertines, which pe ccedapalct 
i diverticula, which are eventually communication with 

lao lipscobade ds putt of Gilieded cata (wie Velez pp. 164 and 166), are 


Sem) ‘0. 256) has made the i dis that in the 
aaa ato eee Sy ait aes 
excher ks oalte with Ghe ors invagination sad priahievaiioase 


permanent 
zaponed as branchial passages homologous in some with 
those whe Chordata "Tho outawhat cant: sheet raklous on: fkt BAER 
Pepe Oe pees Scent 22 stems Be le to lent at Sera 
inte is Trotbable that the part of the alimentary tract in ian i tighty 
are nt was inally le wy ted tube ded 
Teteae ellis and that regattas cad on fy th area 
introduction and expulsion of sea water. ‘wwe on lose alla aenatee 


Perforntions these pouches in communication with the exterior 
re wept hee pen lecescing gant, into 


Soadee ie eater taken in at the mouth ‘youll sam sey pear 
the respiration would be localized in the walls of the pouches leading to 


+ In the various have been ini 
ae organs have erprvted a rodimente of = 
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them, and thus the mode of respi of the Ch ld 
4 typical respiration jordata would be 


Phylogeny of the Chordata. It may be convenient to shew in 
a definite way the bearing of the above speculations on the phylogeny 
of the Chordata. For this Faro Thave drawn up the Hubjoined 
table, which exhibits what I believe to be the relationships of the 
existing groups of the Chordata, Such a table cannot of course be 
constructed from embryological data alone, and it does not fall within 
the scope of this work to defend its parts in detail. 











Maspeatta ‘Sacnorarpa 
(SRE troy 
PROTO.AMSIOTA Astennona 
Trexoster PROTO-PENTADACTYLOIDEL 
Gaxornes |—presor 
ee 
Provo daxomea 
—Honockenant 
‘Knaenonbaxcutt 
PROTOGNATHOSTOMATA 
Cyclostomata=—=SCSPROTO-VERTEURATA 
\ 
Cephatochorta PROTOCHORDATA Urochorda 


In the above table the names printed in largo capitals are hypothetical 3 
‘The other groups are all in existence at the present dag, bat thove printed in Halls aro 
probably degencrate. 


The ancestral forms of the Chordata, which may be called the 
Protochordata, must be supposed to have had (1) a notochord as 
their sole axial skeleton, (2) a ventral mouth, surrounded by suctorial 
structures, and (3) very numerous gill-slits. Two degenerate off- 
shoots of this stock still persist in Amphioxus (Cephalochorda), and 
the Ascidians (Urochorda). 

The direct, descendants of the ancestral Cherdata, were 
bably a group which may be called the Proto-yertebrata, of which 
there is no persisting representative. In this group, imperfect 
neural arches were probably Penis and a ventral suctorial mouth 
without a mandible and maxille was still persistent. The branchial 
clefts had, however, become reduced in number, and were provided 
with gill-folds; and a secondary head (vide p. 260), with brain and 
organs of sense like those of the higher Vertebrata, had beeome 


The Cyclostomata are probably a degenerate offshoot of this 


we Vit the development of the branchial bars, and the conversion of 
the mandibular bar into the skeleton of the jaws, we come to the Proto- 

thostomata. ‘The nearest living representatives of this group are 
the Elasmobranchii, which still retain in the adult state the ventrally 


a 
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placed mouth, Owing to the development of food-yolk in the Elas- 
mobranch ovam the early stages of development are to some extent 
abbreviated, and almost all trace of a stage with a suctorial mouth 
a lost. 4 3 ae rail 
‘@ next come to an Resorts mp which we may 
Proto-ganoidei. Bridge, in his Memoir on Pal ion', which contains 
some very interesting 5] ii on the jities of the Ganoids, 
has this group the Pneumatocorla, from the fact that we find 
for the first time a fall development of the air-bladder, though it is 
possible that a rudiment of this organ, in tle form of a pouch opening 
on the dorsal side of the stomachic extremity of the esophagus, was 
present in the earlier type. $ 

Existing Ganoids are descendants of the Proto-ganoidei. Some of 
them at al events retain in larval life the suctorial mouth of the 
Proto-vertebrata; and the mode of formation of their germinal layers, 
resembling as it does that in the Lamy and the Amphibia, probably 
indicates that they are not descended from forms wit 2 baat 
yolk like that of obranchii, and that the latter group is there- 
fore a lateral offshoot from the main line of descont. 

Of the two groups into which the Ganoidei may be divided it is 
clear that certain members of the one (Teleostoidei), viz. Lepidosteus 
and Amia, shew approximations to the Teleostei, which no doubt 
originated from the Ganoids; while the other (Selachoidei or Stu- 
riones) is more nearly related to the Dipnoi. Polypterus has also 
marked affinities in this direction, e.g. the external gills of the larva 


(de. 98) ch hare 
Teleostei, which have in common a meroblastic segmenta- 
tion, had probably a Ganoid ancestor, the ova of which were ided 


prov’ 
with a amount of food-yolk, In most existing Teleostei, the 
ovum Tate again reduced in size, but the meroblastio segmen- 


tation has been |. It is quite ible that Amia 
also be a Worse) pasties Ganoid ite er, the ‘Teleoste; but 
Lepidosteus, as shewn by its complete segmentation, is clearly not so: 

The Dipnoi as well as all the higher Vertebrata are descendants 
of the Proto-ganoidei. 

The character of the limbs of higher Vertebrata indicates that 
there was an ancestral group, which may be called the ee ae 
dactyloidei, in which the pentadactyle limb became 4 
and that to this p the common ancestor of the Amphibia and 
Amniota belonged. 

Tt is possible that the Plesiosauri and Ichthycsauri of Mesozoic 
times may have been more nearly related to this group than either 
to the Amniota or the Amphibia. The Proto-pentadactyloidei 
were probably much more closely related to the Ane to 
the Amniota. Ld Repben art have been capable of living in 
water as well as on land, and had of course persistent branchial clefts. 


* Phil, Traws. 1878. Part 1, 


all 
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It is also fairly certain that they were not provided with large-yolked 
ova, otherwise the mode of formation of the layers in Amphibia 
could not be easily explained. 

The Mammalia and Sauropsida are probably independent off- 
shoots from a common stem which may be called the Proto-amniota. 
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who would venture to assert that any answers which can be given 
are more than tentative gropings towards the trath. 

Tu the following I aim more at summarising the facts, 
and critically examining the different theories which can be held, 
than at dogmatically supporting any definite views of my own, 

Tn all the Metazoa, the development of which bas been investi- 
gated, the first process of differentiation, which follows upon the 
segmentation, consists in the cells of the organism becoming divided 
into two groups or layers, known respectively as epiblast and 
hypoblast. 

These two layers were first discovered in the young embryos of verte 
brated animals by Pander and Von Baer, and have been since known as 
the germinal layers, though their cellular nature was not at first recog- 
jie. They were shewn, together with a third luyer, or mesoblast, which 
Solna appears between them, to bear throughout the Vertebrata 
constant relations to the organs which beeame developed from them. A 
very great step was subsequently made by Remak (No. 287), who success- 
fully worked out the problem of vertebrate embryology on the cellular 


Rathke in his memoir on the development of Astacus (No. 286) at- 
tempted at a very early iod to extend the doctrine of the derivation of 
the organs from the germinal layers to the Invertebrata, In 1859 Huxley 
made an important step towards the ex, tion of the nature of these 
luyens by ep eatel apo abled and endoderm of the Hydro- 
zou ; while the brilliant researches of Kowulevsky on the development of 
® great variety of invertebrate forms formed the starting point of the 
current views on this subject. 

The differentiation of the epiblast and hypoblast may eaininenes 
during the later phases of the segmentation, but is generally not com- 
pleted till after its termination, Not only do the 
cells of the blastoderm become differentiated into 
two layers, but these two layers, in the case of 
a very number of ova with but little food- 
yolk, tute a double-walled sack—the gastrula 
(fs. 198)—the characters of which are too well 

nown to require further description. Following 
the lines of phylogenetic speculation above in- 
dicated, it may concluded that the two-layered 
condition of the organism represents in a general 
way the passage from the protozoon to the me- 
tazson eave “ is Leiter that ve may 
safely go further, and assert that the gastrula re- 
Perlis, with more or less fidelity, a stage in Gate Prat 
the evolution of the Metazoa, permanent in the @ mouth; b. ar 
simpler Hydrozoa, during which the organism was chenteron; ¢. hypo- 
provided with (1) a fully developed digestive cavity last; 4. epiblast, 
(tig. 198 6) lined by the hypoblast with digestive 
assimilative functions, (2) xn oral opening (a), and (8) a super- 
18—2 
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ficial epiblast (d). These generalizations, which are now widely 
accepted, are no doubt very valuable, but they leave unanswered the 
following important questions : 

(1) By what steps did the compound Protozoon become differen- 
tiated into a Metazoon ? . 

(2) Are there any grounds for thinking that there is more 
than one line along which the Metazon have become independently 
evolved from the Protozoa ? 

(3) To what extent is there a complete homology between the 
two primary germinal layers throughout the Metazoa 7 

Ontogenetically there is a great variety of processes by which 
the passage from the segmented ovum to the two-layered or diplo~ 
blastic condition is arrived at. 

These processes may be grouped under the following heads: 

1. Invagination. Under this term a considerable number of 
closely connected processes are included. When the segmentation 
results in the formation of a blastosphere, one half of the Tiastoapliers 
may be pushed in towards the opposite half, and a gastrula be thus 
produced (fig. 199, A and B). This process is known as embolic 








Fis. 109. Two wtaoks tx tite nxynuormest oy Hovormunts, TUBUEOSA, TIRWED 
IN OFvicat RRCTEON. (After Selenka.) 
A. Stago nt the close of the segmentation, B. Gastrula stage. 
mr, micropyle; ft. chorion; segmentation cavity; o, blastoderm; ep. epl- 
Dinst; Ay. hypoblast; ses. amecboid colls derived from hypoblast; ac. archesteron. 





tion, Another process, known as epibolie invagination, 

in epiblast cells growing round and enclosing the hypoblast 

(fig. 200). This process replaces the former process when the hypo- 

blast cells are so bulky from being distended by food-yolk that their 
invagination is mechanically impossible, 

There are jous peculiar modifications of invagination which 

cannot be dealt with in detail. 

















ORIGIN OF THE GERMINAL LAYERS, 27 
Tnvagination in one form or other occurs in some or all the 
members of the following groups : 
The Dicyemidmw, Calcispongie 
(after the amphiblastula stage) 


and Silicispongie, Colenterata, 
Turbellaria, Nemertea, Rotifera, 
Mollusca, Polyzoa, Brachiopoda, 


Chatopoda, Discophora, Gephyrea, 





Chastognatha, 
Chordata, 


The gastrula of the Crustacea 
is peculiar, as is also that of many 
of the Chordata (Reptilia, Aves, 
Mammalia), but there is every 
reazon to suppose that the gastrule 1 
of these groups are simply modi- 


fications of the normal type. 

2. Delamination. 
tinguished : 

a. Delamination wh 
divided into a saperficial 
epiblast, and a central solid 
mass in which the digestive 
cavity is subsequently hol- 
lowed out (fig. 201). 

6. Delamination where 
the segmented ovum has the 
form of a blastosphere, the 
cells of which give rise by 
budding to scattered cells in 
ee ae of ra vesicle, 
whi gh they may at 
first form a solid mass, finally 
arrange themselves in the 
form of adefinite layeraround 
a central digestive cavity 





the segmented ovum has the 
form of a in the 
cells of which the 

is differentiated into an in- 


jlematelminthes, 
Crustacea, Echinodermata, and 





Fro, 200, Teawevense snorion 

THROUGH THE ovum oF Evaxes pewwa 

AX RAWLY HTAOR OF DEYRLOPMENT, TO 

SHLEW THK NATCRE OF RPIHOLEG INTADINA- 

(After Kowalevaky.) 

epiblast; ma. mesoblastic band ; 
blast. 





hy. 





Three types of delamination may be dis- 


the cells of a solid morula become 





Fe. 21. 


‘Two eons Us THE DEVERLoruReT 
OF BYEFRANOML FICTOM, TO ILLONTRATR TRE FOR 


MATSON OF TRE Latene RY wRLAMIMeTiOn. (After 
Metachnikof ) 

A, Btagn after the delamination; op. epi- 
letastie lavagination to form proamatecynt. 

B. Later stage after the formation of the 
gastric navity fo fee solid bypolhant. po. wey. 

a; t. trntanle; pp. proumatoerss: rp. 
[oct of prementoe) hey. by peblast snrronnd- 
bang, preventing x. 
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the “tre of the cai are so divided into two distinct layers 
(fig. 205 


nature, but is most iene approached in Suyibis (fig. 203). 


in the ee 
some Silicispongie (?), and in many Hydrozoa and Actinozoa, ‘ 
Nemertea and Nematelminthes ar 


100 


‘ae ene ar rho pr — Pirate ts 
ona, ih ah a sa “oracle rong ph 
rae ith at a 
cavity. rt opiblast; cavity. 


frequent modes in which the layers are differentiated, but there 
are in addition several others, the first place the whole of the 
Tracheata (with the apparent exception of the Scorpion) ioc so 
far as is known, on a pa peculiar to them, which aj 
nation, This consists in the appearance of a superficial Prasat of 
cells enclosing a central yolk mass, which corresponds to the hypo- 
blast (figs. 204 and 214), This mode of development might be 
classed under delamination, were it not for the fact that the early 
development of many Crustacea is almost the same, but is subsequent 
followed by an invagination (fig. 208), which apparently correspo 
to the normal invagination-of other types. ‘There are strong grounds for 
thinking that the tracheate type of formation of the epiblast and 
: t is a secondary modification of an ineaginate type (vide 
. 1. p. 378). 
The type of some Turbellaria (Stylochopsis cus) and that of 
Nephelis amongst the Discophora is not seraile chitalitg reduced to 
the invaginate type. 
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‘he development of almost all the parasitic che ee Se anise 
bern the Cestoda, the Acanthocephala, and the Linguatulida, and also 





Pio. 203. Disonanratic riovnes sirRWiNe THE DxIAUNATION OF THE RMUNYO 
ov Genyonts. (After Fol.) 


A. Stage at the commencement of the delamination; the dotted lines « ahew the 
course of the next planes of division, B. Stage at the close of the delamination. 


cs. segmentation cavity; a. endoplasm; b. ectoplasm ; ep. epiblunt; hy. hypoblast. 
ofthe Tardigrada, pEyeiogcns, and other minor groups, is too imper- 
fectly known to be classed with either the presi or invaginate 
types. 


A 





‘Bio. 204, SkaMENTATION AND FORMATION OF THR BLasTODERM IN CHRLER, 
(After Metschnikoff,) 


‘In A the ovum is divided into a number of separate segments, In Ba number of 
Reeribenrs Cts lacioaata on exons diviaed aay tev nguees tome o 
tects In C the ioe bescate Sividel ites too layer. 
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De iseatiy tad eo in alliaiden that, if any of the onto- 
genetic processes by which a gastrul is reached are i 
of the process by which a simple two-layered gastrula was actually 
evolved from a com) Protozoon, these processes are most pro- 
bably of the nature either of invagination or of delamination. 
he much disputed questions which have been raised about the 
eae and planula theories, originally put forward by Haeckel and 
ester, resolve themselves then into the simple question, whether 


any, and if so which, of the ont ic which the 
geste is formed are repetitions oF the eae oe of the 


It is very difficult to bring forward ments of a conclusive kind 
in favour of either of these processes. ‘The fact that delaminate and 
invaginate gastrule are in several instances found coexisting in the 
same group renders it certain that there are not two independent 
Biya of the Metazoa, derived respectively from an invaginate and a 

inate gastrala’. 

The four most important cases in which the two processes coexist 
are the Porifera, the Colenterata, the Nemertea, and the Brachio- 
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favour of either of these processes by a comparison of the cases where 
oceur in the same groups. 

relative frequency of the two processes supplies us with 
another ible means for deciding between them; and there is no 
doubt here again the scale inclines towards invagination. It 
must, however, be in mind that the frequency of the process of 
a aaa admits of another possible explanation. There is a con- 
tinual tendency for the processes of development to be abbreviated 
and simplified, and it is quite possible that the frequent occurrence of 
invagination is due to the fact of its being, in most cases, the simplest 
means by which the two-layered condition can be reached. But this 
argument can have but little weight until it can be shewn in each case 
that invagination is a simpler process than delamination; and it is 
rendered iinprobable by the cases already mentioned in which de- 
lamination has been secondarily derived from invagination. 

Tf it were the case that the blastopore had in all types the same 
relation to the adult mouth, there would be strong grounds for re- 
ang the invaginate gastrula as an ancestral form; but the fact 

at this is by no means so is an argument of great weight in favour 
of some other explanation of the frequency of invagination. 

The force of this consideration can best be displayed by a short 
summary of the fate of the blastopore in different forms. 

The fate of the blastopore is so variable that it is difficult even to 
classify the cases which have been described. 


(1) It becomes the permanent mouth in the following forms?: 

urbellaria, “Pa a 
= a (?), . 

Nenaten Plies creas type of Desor. 
‘Moltusea,—In numerous examples of most Molluscan groups, except the 
‘Chentopoda,—-Most Oligochmta, and probably many Polychmta, 
Gephyrea.—Phascoloroma, Phoronis. 
Nematelminthes.—Cacullanar. 

(2) It closes in the position where the month is subsequently formed. 
Callenterata.—Ct ora (?). 
Motlusea.—In numerous examples of mort Molluscan groups, except the 


‘ipedia (?), some Cladocera (Moina) (?). 
(8) It becomes the permanent anus. 
‘Mollusca.—Patadina. 


Chatopoda.—Serpula and sont other types. 
Echinodermata.— Almost universally, except amongst the Crinoidea. 

(@) Tt closes in the position wher the anus is subsequently formed. 
Echinodermata.—Crinoidea. 


(6) It closos in a position which doos not correspond or is not known 
to correspond? cithor with the future mouth or anus.—Porifera—Sycani 
Calenterata—Chrysaora", Aurolin*. — Nemertea*—Some larvw which develop without 


1 The above let {2 somewhat tentative; and future investigations will probably 
show that many of the statemonts at present current about the position of the blasto- 
She forme in yhich the position of the blastopore in relation to the month 

wi eo or 
‘snus is not known are marked with an asterisk, 
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 xedamaspbe Bein Rotiferas. Me 
a aaa Sa ai tea wate Rice 
‘acy temaaehy inthe chacacts ota epee, “Ed 
ing wi considerably in aracter 

Bop fact of its not coinciding either with the mouth or anus 
to be due simply to the noe ie a large amount of food- 
Fe the css af the ot eases ale 
ne 


¢ and Bonellia, are to be explained in this way: in the case of 
all these forms, except Bonellia, blastopore has the form of an 


slit. al the ventral surface. This ¢: 

bop seat "ot ths Mollusca generally, of the pen, of the Nee 
matelminthes, and very possibly of the Chetopoda and 

Tn the Cieloure tes ti. P09 ) the blastopore is eae so far as 
can be determined, behind the future anus. In many Decapoda the 
blastopore is placed behind, but not far from, the anus. In the 
Chordata it-is also placed posteriorly to the anus, and, 

enough, remains, in a large number of forms, for some time in con- 
nection with the neural tube by a neurenterie canal. 

‘The great variations in the character of the gastrula, indicated in 
the above summary, go far to shew that if the Se ae as we find 
them in most types, have any ancestral characters, characters can 
only be of the most general kind, This may best be shewn by the 
consideration of a few striking instances, “She bl lastopore in Mol- 
Tusca has an elongated slit-like form, pee ate poet the ventral 
surface from the mouth to the anus. In Echinodermata it is a narrow 
pore, remaining as the anus. In most it is a pore remain- 
ing as the mouth, but in some as the anus, In Chordata it is a pos- 
ele placed pore, opening into both the arcana and the neural 


rt is clearly out of the question to explain all these differences as 
having connection with the characters of ancestral forms. Many of 
them can only be sear for as secondary adaptations for the 
convenience of develo, 
The epibolic gastrula or Mammalia (vide pp. 178 and 242) is astill 
play motrals of Up lower Chordata,” Tr probably righ 
from. of the lower lata. It - 
nated in ata awit the loss of food-yolk ‘chask toak f ae 
the establishment of a placental nutrition for the fatus. The ce 
lic gastrula of the Scorpion, of Topo and of other Ah 
seems also to be a derived gastrula. These instances of secondary 
are very probably by no means isolated, and should serve as 
s warning against laying *00 much stress upon the frequency of the 
rence of in ion, The ra ES ak influence of the food-volk 
Rhea early development might lustrated by numerous exam- 
op especially amongst the Gherdata (vide Chapter x1.). 
If the descendants of a form with a large amount of food-yolk in 
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its ova were to produce ova with but little food-yolk, the type of for- 
mation of the germinal layers which would thereby result would be 
by no means the same as that of the ancestors of the forms with much 
food-yolk, but would probably be something very different, as in the 
case of Mammalia. Yet amongst the countless generations of ances- 
tors of most existing forms, such oscillations in the amount of the 
food-yolk must have oceurred in a large number of instances. 

whole of the above considerations point towards the view that 
the formation of the AES by invagination, as it occurs in most 
forms at the present day, can have in many instances no special 
ylogenetic significance, and that the argument from frequency, in 
our of invagination as opposed to delamination, is not of prime 

tance. 

A third possible method of deciding between delamination and 
invagination is to be found in the consideration as to which of these 
processes occurs in the most primitive forms. If there were any 
agreement amongst primitive forms as to the type of their develop- 
ment this argument might have some weight. Ga the whole, delami- 
nation is, no doubt, characteristic of many primitive types, but the 
not infrequent occurrence of invagination in both the Colenterata 
and the Porifera—the two groups which would on all hands be ad- 
mitted to be amongst the most primitive—deprives this argument of 
much of the value it might otherwise have. 

To sun up—considering the almost indisputable fact that both 
the processes above dealt with have in many instances had a purely 
monary origin, no valid arguments can be produced to shew that 
either of them luces the mode of passage between the Protozoa 
and the aucestral two-layered Metazoa. These conclusions do not, 
however, throw any doubt upon the fact that the gastrula, however 

‘was a primitive form of the Metazoa; since this conclusion is 
founded upon the actual existence of adult gastrula forms indepen- 
dently of their occurrence in development. 


‘Though embryology does not at present furnish us with a definite 
answer to the question how the Metazou became developed from the Pro- 
toza, it is nevertheless worth while reviewing some of the processes by 
which this can be conceived to have occurred. 

On purely a priori grounds there is in my opinion more to be said for 
in than for any other view, 

this view we may ba ved that the colony of Protozoa in the course 
SS teeta eins, wud the Sg Lo lesieariiete and that at 
15 & ‘ion appeared, The cells lining this depression we 
erica to ereeed amasboid, and to have chee on the work of 
digestion ; while the remaining cells were probably ciliated. The digestion 
may be su) to have heen at first carried on in the interior of the cells, 
as in the ; but, as the depression became deeper (in order to 
increase the area of nutritive cells and to retain the food) a digestive 
secretion ly became poured out from the cells lining it, and the 
imode of ion generally characteristic of the Metazoa was thereby 
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digestion probably on simaltancounly a 
Another by 
has been a Eadie by rere prt fe 


supposes at the blastosphere stage the fluid in the centre 
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h , i rough the protoplasm 
digestive cavity. (fig. 205, 4), the point where the food 
Became louise, and eventually a mouth became formed at this 


that preps typ of dain oceur in 


ex Geryonia. 

“Tletacheikot has nded a third view with reference to delamina- 
tion, He starts as with a ciliated bl Hoe next supposes: 
the cells from the walls of this to become ied off into the central 
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Fig. 





Fro, 206, Dicram seWiNG FHKE FORMATION OF A GASTRULA BY DELAMINATION. 
(Prom Lankester,) z 
orem; wtage neneeRent 
Shee ate? soo on ee 
ie frepsilant, 02  heeckioet “and ¥ fel 


mie eg Barer Me “Ueb. die bl aati a om ining ed Cente 


taten,” Zeologiecher Auzeiger, No. Mh. 1880 and Lan! slo intracellu- 
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cavity, as in Eucopo (fig. 202), and to lose their cilia ‘These cells give 
rise to an internal parenchyma, which carries on an intracellular digestion, 
Ata later stage a central digestive cavity ix supposed to be formed. ‘This 
view of the passage from the protostan to the metazoon state, though to 
my mind improbable in itself, fits in very well with the ontogeny of the 
lower Hydrozoa, 

Another view has been put forward by m: in the chapter on the 
Porifera', to the effect that the amphiblastula larva of Calcispongim may 
be a transitional form between the and the Metazoa, composed of 
a hemisphere of nutritive amaboid cells, and a hemisphere of ciliated cells. 
‘The absence of such a larval form in the Colenterata and higher Metazoa 
is opposed, however, to this larva being regarded as a transitional form, 
except for the Porifera. 

Tt is obvious that so long as there is prapets uncertainty as 
to the value to be attached to the early developmental processes, 
it is not possible to decide from these processes whether there is 
only a single metazoon phylum or whether there may not be two or 
more such phyla, At the same time there appear to be strong 
arguments for regarding the Porifera as a phylum of the Metazoa 
derived independently from the Protozoa. This seems to me to 
be shewn (1) by the striking larval peculiarities of the Porifera ; 
(2) by the early development of the mesoblast in the Porifera, which 

in strong contrast to the absence of this layer in the embryos 
of most Colenterata ; and above all, (3) by the remarkable cha- 
racters of the system of digestive channels. A further argument 
in the same Ecko is su pied be the fact er ihe rminal 
layers of the Sponges very probably do not correspond physiologically 
to the inal layers of other ty; The cmbryolgieal evidence 
is insufficient to decide whether the amphiblastula larva is, as sug- 
gested wbove, to be regarded as the larval ancestor of the Porifera. 

i the inal lay The question as to how 
far there is a complete homology between the two primary germinal 
layers throughout the Metazoa was the third of the questions pro- 
posed to facia” here. 

Since there are some Metazoa with only two germinal layers, 
and other Metazoa with three, and since, as is shewn in the following 
section, the third layer or mesoblast can only be regarded as a 
derivative of one or both the primary layers, it is clear that a 
complete homology between the two primary germinal layers does 
not exist. 

That there is a general homology appears on the other hand 
hardly open to doubt. 

"The primary layers are usually continuous with each other, 
near one or both (when both are present) the openings of the 
alimentary tract. 

As a rule an oral and anal section of the alimentary tract 
the stomodeum and proctodtum—are derived from the opiblast ; 


* Vol. 1. p. 122. 
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the limits of both these sections are so variable, sometimes 
in ly allied forms, that it is difficult to avoid the conclusion: 
there is a border-land between the epiblast and hypoblast, 


epiblast and in other forms to the hypoblast. If this is not the 

case it is necessary to admit that there are instances in which a 
portion of the alimentary canal is phylogenetically an i 

structure, In some of the Isopods, for example, the stomodwum and 


organism preceded, as we have seen, the triploblastic. The epiblast 
during the diploblastic condition was, as apy oe from such forms as 
Hydra, especially the sensory and protective layer, while the hypoblast 
was the secretory and escalating JN both layers giving rise to 
muscular elements. It must not, however, be sup) that in the 
early diploblastic ancestors there was a complete differentiation of 
function, but there is reason to think that both the bests 
retained an indefinite capacity for developing into ie: of 
tissue’, The fact of the triploblastic condition being than 
the diploblastic proves in a conclusive way that the mesoblast is a 
derivative of one or both the primary layers. In the Coelenterata 
we can study the actual origin from the two primary layers of 
various forms of tissue which in the higher types are derived from 
the mesoblast*, This fact, as well as general d priori consi rT 
conclusively prove that the mesoblast did not at first originate 
as‘a mass of independent cells between the two primary 
layers, but that in the first instance it gradually arose as 
differentiations of the two layers, and that its condition 
in the embryo as an independent layer of undifferentiated 
cells is a secondary condition, brought about by the 
general tendency towards a simplification of development, 
and a retardation of histological differentiation’. 


1 The (No, 270) have for instance shewn that nervous structures are deve- 
lope i hn ype ia te etna nod the ta. 
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The Hertwigs have recently attem (No. 271) to disti 
two types of differen tiation of the mesoblast, viz. (1) a direct differen- 
tiation from the primitive erithelst cells; (2) a differentiation from 
ae indit t cells budded off into the gelatinous matter 
@ two primary layers, 


In addition to the probably degraded Dicyemidw and Ortho- 
nectidw, the Coslenterata are the only group in which a true mesoblast 
is not always present. In other words, the Coelenterata are the only 
group in which there is not found in the embryo an undifferentiated 
group of cells from which the majority of the organs situated be- 
tween the epidermis and the alimentary epithelium are developed. 

The organs invariably derived, in the triploblastic forms, from 
the mesoblast, are the vascular and lymphatic systems, the muscular 
system, and the greater part of the connective tissue and the ex- 
cretory and generative (2) s' On the other hand, the nervous 
systems (with a few possible sxcspeicnt) and organs of sense, the 
epithelium of most glands, and a few exceptional connective-tissue 
organs, as for example the notochord, are developed from the two 


m ‘The fact of the first-named set of organs being invariably derived 
from the mesoblast points to the establishment of the two following 
prea hat with the differentiation of the meso- 
last as a distinct layer by the process already explained, 
the two primary layers lost for the most part the capacity 
they primitively pparente of giving rise to muscular and 
connective-tissue differentiations', to the epithelium of the 
excretory organs, and to generative cells, (2) That the 
mesoblast throughout the triploblastic Metazoa, in so far 
as these forms bara sprung from a common triploblastic 
ancestor, is an homologous structure. 
second proposition follows from the first, The mesoblast 
can only have ceased to be homologous throughout the triploblastica 
by additions from the two primary layers, and the existence of such 
additions is negatived by the first proposition. 


+ The connoctivo-tissne test of the Tunicata, though derived from the epiblast, is 
‘not really an example of such « differentiation. 


a i 


These two itions, which hi ther, are ibly only 
‘imately Bron ance it is se pase le that, foore inven 


tions may shew that differentiations of the two primary layers are 
tose aorieaiaa ta bein Vtherts imagined. = ee 


Ranvier finds that the muscles of the sweat-glands are developed from 
SS ee TAC Nha ayer OF ‘eptblant calle, i vaggcasiek SS 


Gitte® describes the epiblast cells of the larva of Comatulaas being ata 
certain stage contractile and com them with the epitheliomuscalar 
cells of Hydra. These cells would appear subsequently to be converted 
into « simple cuticular structure. 

It is moreover quite possible that fresh differentiations from the 
two pone: layers may have arisen after the triploblastic condition 
had been established, and by the process of simplification of develop- 
ment and precocious segregation, as Lankester calls it, have become 
indistinguisheble from the normal mesoblast. In spite of these 
exceptions it is probable that the major part of the muscular system 
of all existing triploblastic forms has been differentiated from the 
muscular system of the ancestor or ancestors (if there is more than 
one phylum) of the triploblastica. In the case of other tissues there 
are a few instances which might be regarded as examples of an 
organ primitively developed in one of the two primary layers having 
become secondarily carried into the mesoblast. The notochord has 
sometimes been cited as such an organ, but, as indicated in # 
pearios chapter, it is probable that its hypoblastic origin can always 

demonstrated. 


Cs) 

Fro, 206, Evtnowic oawrnvta oy Bonxetsa, (After Spengol.) 

A. Stage when the four hypoblast cells are nearly onelosed. 

B. Stage after the formation of the mexoblast has commenced by an infolding of 


the lips of the blastopore. 
ep. epiblast; me. mesoblast; bf. blastopore, 
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ped He Ranvier, “Bur la wirneture dee glandes eudonipares.” Comptes Rendug 
New. . 

2A. Gitto, “Vergteich. Entwick. d. Camatula mediterranes.” Aréhie f, mike. 
Anat, vol. xe. p. 597. 
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‘The nervous system, although imbedded in mesoblastic derivates 
in the adults of all the higher triploblastica, retains with marvellous 
ey epiblastic origin (though it is usually separated from 
the epiblast prior to its hi ic differentiation) ; yet in the Cepha- 
lopoda, and some other Mollusca, the evidence is in favour of its 
developing in the mesoblast. Should future investigations confirm 
these conclusions, a good example will be afforded of an o1 
changing the layer from which it usually develops’. The explanation 
of such a change would be precisely the same as that already given 
for the mesoblast as a whole, 

The actual mode of origin of various tiasues, which in the 
true triploblastic forms arise in mesoblast, can be traced in the 
Crelenterata’, In this group the epiblast and hypoblast both give 
rise to muscular and connective-tissue elementa; and although the 
main part of the nervous system is formed in the epiblast, it seems 
certain that in some types nerves may be derived from the hypo- 
blast’. These facts are extremely interesting, but it is by no means 








Fi, 207, Two TRaxavEnse sxcTiONs THROVOR RumKYOR OF HypRoraILus ricKus. 
(After Kowalevaky.) 
A. Scotion through an embryo at the point whore the two germinal folds most 
‘B. Section in tho anterior where the folds of the 
eee Ne] an embryo, 0 anterlor region 
g9- germinal groove; me. mosoblast; am. anmnion; yk. yolk. 


1 ‘Tho Hertwigs hold that there is a distinct part of the nervous aystem which was 
at firet difforentinted in the moxoblast in many types, amongst others the Mollasca, 
‘Tho evidence in favour of this view in extremely scanty and the view itself appears to 


first 
me ybable. 
PWR reales refered for this subject to the valuable memoirs which have been 


" to No. 270. He will find 
ieee tipmeanin Uy. Woe Riartwes, Srecieliy inl toe fin camel 


[Development laemobranch Fis! 172) that the central of the 
Hits oer: © aecncd hoe the eosin: i's a walkie wicker te 
of Auerbach's ploxus. 

BRE 19 





290 DEVELOPMENT OF THE MESOBLAST. 
certain that any conclusions can be directly drawn from them as to 





Fro, 208. Fiovses Iuersrnatixe tam pevetoraeyt ov AsTacun, 
(Prom Parker; after Reichenbach.) 
A. Section through part of the ovum daring segmentation. 1, nuclei; «.y. white 
yolks yp. yolk pyramids; ¢. central yolk mass. ‘ 


Longitodinal of the gastrula rehentoron; b, blasto- 
pores aw. mesoblast; sees spinon an pptiaoks tikieeinied frees agibtens 


he is anterior lip of », to whew the of the 
ily eos hem Get aie the iociahave:” phe, ee ten 
‘opiblast; en. 


hypoblast, 

E. ‘two hypoblast calla fo abow the amabe-like nbsorption of yolk apheres. 
3+ brypahlamnr al Piviag’ stow sevicgenondiy to | tot neoomdlary eae EE 
m naeleus. 


the actual origin of the mesoblast in the triploblastic forms, till we 
know from. what diploblastic forms the triploblastica originated. 
All that they shew is that any of the constituents of the mesoblast 
may bave originated from either of the primitive layers. 

For further light as to the origin of the mesoblast, it is necessary 
to turn to its actual development. 

‘The following summary illustrates the more important modes in 
which the mesol originates, 

1. It grows inwards from the lips of the blastopore as a pair of 
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some of the elements subsequently come from the epiblast ; and in Cepha- 
Jopoda it begins as a ring of cells round the edge of the blastoderm, 

Polyzoa Entoprocta.—It originates from a pair of cells at the lips of 
the blastopore, 

Chetopoda.—Euaxes. It arises as a ridge of cells at the lips of the 
blastopore (fig. 200). 

Gephyrea—Bonellia. It arises (fig, 206) as an infolding of the epi- 
blastic lips of the blastopore. 

Nomatelminthes—Cucullanua It grows backwards from the hypo- 
blast cells at the persistent oral operiing of the blastopore. 

. Tracheata.—Insecta. It grows inwards from the lips of the germinal 
groove (fig, 207), which probably ygpresent the remain of a blastopore. Part 
of the mesoblast is probably also derived from the yolk-cell, A similar 
though more modified development of the mesoblast occurs in the Araneina 

fig. 214). 

(65 oes ‘Decapoda, It partly grows in from the hypoblastic lips 
of the blastopore, and is partly derived from the yolk-cells (fig. 208), 





Fro, 209. Trnex stages 1x THK pevELorMENT ov Saorrra, (A. and C. after 
Biitschli, and B. after Kowalevsky.) 
‘Tho three embryos are represented in the same positions. 

A. Represents the gastrala stage. 

B. ts aw succeeding stage, in which the primitive archenteron is com- 
mencing to be divided into three. 

©. Represents Inter stage, in which the mouth involution (m) haa become con- 
tinuous with the alimentary tract, and the blastopore has become closed. 

m. mouth; al. olimentary canal; ae. archenteron; 1p, blastopore; po. pori- 
visceral cavity; sp. splanchnic mosoblast; #0, somatic mesoblast; ge. generative 
organs. 





2 The mesoblast is developed from the walls of hollow out- 
growths of the archenteron, the cavities of which become the body 
cavity. 

Brachiopoda.—The walls of a pair of outgrowths form the whole of 
tho mesoblast, 

tha.—The mesoblast arises in the same manner as in the 
Brachiopoda (fig. 209). 

Echinodermata—The lining of the peritoneal cavity is developed 
from the walls of outgrowths of the archenteron, but the greater part of 
the mesoblast is derived from the ameboid cells budded off from the walls 
of tho archenteron (fig. 210). 

19—2 
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Enteropneusta (Balanoglossus|—The body cavity is derived Pent 
two pairs of alimentary diverticula, the walls of which sive rise 
greater part of the mesoblast, 

Chordata —Puired archenteric outgrowths give rise to the tata 
soblast in Am: ux (fig. 211), and the mode of formation of the meso 
blast in other Chordata is probably secondarily derived from this. 


3. The cells which will form the mesoblast become marked out 
early, and cannot be regarded as definitely springing from 

either of the primary layers. 

Turbollaria.—L«ptoplana (fig. 212), Planaria polychroa ’ 

Ghatayoa amir fe ‘e Le: u: 

Lyrgoa is ver ‘ible that the cases quoted under this head ought more 
properly to belong to group 1. 

4, The mesoblast cells are split off from the epiblast. 

Nemertea.—Larva of Desor. The mesoblast is stated to be split off 
from the four invaginated discs. 

5. The mesoblast is split off from the hypoblast. 

Nemertea.—Some of the ithout 

Mollusca. —Sea Tes donved ter aa Meal and ventral 
cells of the es reaind 

Gophyrea.— Phascol 


losoma. 

Vertebrata—In most of the Ichth; the mesoblast is derived 
from the Repehiae) (fg. 213). In om te most of the Amniota) 
the mesoblast might be described as originating at the lips of the blasto- 
ie Seana aly 


6. The mesoblast is derived 
from both mubolh geoae layers. 


Tt is ed ly om item sal it incr 


from the 
yolk-cella; but it ix cas 
statement that the mesoblast is de~ 





Fro, 210. Loxarrepmea, gxcriox Out doubt a secondary process, 
THROVOM AN EMBRYO OF CUCUMAREA PO- The conclusions to be drawn 
LIOLOM AT TIE EXD OF THE FOURTH DAY. ars: 


Pd Ban ae tone bidstepets al meaus such as might have 
todenm. 
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Calenterata would lead us to expect that the mesoblast would be 
derived partly from the epiblast and partly grom the hypoblast, 


B A con 


Fi, 211, Sertoxs or ax Astrittoxes eamnvo av rime stages. (After Kowalovaky.) 
A. Section at gastrula at 
B. Section of a mata: embryo, 
©, Section through the anterior part of still older embryo. 


he noural plate; nc, neural canal; mes. archenteron in A, and mesenteron in B 
and C; eh. notochord; so, mesoblastic somite. 


Such, however, is not for the most part the case, though more 
complete investigations may shew that there are a greater number 
of instances in which the mesoblast has a mixed origin than might 
be supposed from the above summary. 

I have attempted to reduce the types of development of the 
mesoblast to six; but owing to the nature of the case it is not 
always easy to distinguish the first of these from the last four, Of 
the six types the second will on most hands be admitted to be the 
most remarkable. The formation of hollow outgrowths of the ar- 
chenteron, the cavities of which give rise to the body cavity, can 
only be farained on the supposition that the body cavity of the 
types in which such outgrowths occur is derived from diverticula 
cut off from the alimentary tract. The lining epithelium of the 
diverticula—the peritoneal epithelium—is clearly part of the primi- 
tive hypoblast, and this part of the mesoblast is clearly hypoblastic 
in origin. 





4: 
hy! 
Fro. 212. Sections ranovon Tie ovow oy Luvrortasa THEWeLLAnte 1s TIMER 
‘sta0Ks oF vevELorwer, (After Hallez,) 
ep. epiblast; m. mesoblast; hy. yolk-cells (hypoblast); 81. blastopore, 


In the case of the Chatognatha (Sagitta), Brachiopoda, and 
Amphioxus, the whole of the mesoblast originates from the walls of 
the diverticula; while in the Echinodermata the walls of the diver- 
ticula only give rise to the vaso-peritoneal epithelium, the remainder 


—_ 


= 


of the mesoblast being derived from ameboid cells which spring 
from the walls of the archenteron before the origin of the vaso- 
peritoneal outgrowths (figs. 199 and 210), 

Reserving for the moment the question as to what conclusions: 
can be deduced from the above facts as to the origin of the meso~ 
blast, it is important to determine how far the facts of embryology 
warrant us in supposing that in the whole of the triploblastic forms 
the body cavity originated from the alimentary diverticula. There 
Seabee site doubt ae mode of ori ine ee 
tany Vertebrata, as two solid plates split ot in 
e is which a cavity is acatacly 
developed, is an abbreviation of 
the process observable in Am- 
phioxus; but this ap- 

es in some forms of Ver- 
tebrata to the bs ant of the 
mesoblast from lips of the 

hoc itl fore, vighly 
t is, therefore, bi, pro- 

B bable that the paired i 

of the mesoblast from the lips 
-=g, of the blastopore may have been 


204 ORIGIN OF THE MESOBLAST. 





Fw. 218. Two secrioxs oF 4 youxe i seen 
ELasMoBRANCH EMRRYO, To SHKW fai MR en io ane by 


rnom THe eee eas eg rs including as it 
mg. medull : ep. epiblast; m does the Chatopoda, Mol- 
“Reap round G “ypabiat: * Sait wach lusea, the Arthropoda, &e.* 


OF these types the Platyolminthes are the most striking. It is, no 
doubt, possible that a body cavity may have existed in the mee 
and become lost; and the case of the Discophora, which in museular 


' ‘The wide occurrence of this first out by Rabl. He 
this progess was first pointed out by holds, 


however, a peculiar Z the gastrma theory, for wl I mast refer the 
reader {0 his paper (No, 284); according to thia theory the has from 
zone of cells of the blastosphere, at the junction between the cells deo, 
wi 
had so 
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and connective tissue 


however, op) 
Lf Kor 


A the Vashamnags Aros will 

strong grounds for holding that 

the Platyelminthes are, like the 

Oclenterata, forms the ancestors of 

which were not provided with « 
cavity. 

‘erhaps the triploblastica are 
composed of two groups, viz. (1) 
more ancestral group (the Platyel- 
minthes), in which gh is no body 
cavity Aes (ee Some sae ces 
tary, a jescens rom 
these, in eis of the alimen- 
* tary diverticula have become sepa~ 

ay a the alimentary tract to 

a cavity (remaining tri- 
ploblastica). However this may be, 
the above considerationsaresufficient 
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Fio, 214. Skorios twxovom ax xat- 





upwards. In tho ventral 
plate is seen a keel-like thickening, which 
ivea rite to the main mass of the mesc~ 


ke, divided into lygonal 
cat i Sova! of whieh are Recta 


to shew how much there is that is 
still obscure with reference even to the body cavity. 

If embryology gives no certain sound as to the questions just 
raised with reference to the body cavity, still less is it to be hoped 
that the remaining questions with reference to the origin of the 
mesoblast can be satisfactorily answered. It is clear, in the first 
place, from an inspection of the summary given above, that the 
process of development of the mesoblast is, in all the higher forms, 
very much abbreviated and modified. Not only is its differentiation 
relatively deferred, but it does not in most cases originate, as it must 
have to start with, as a more or less continuous sheet, split off 
from parts of one or both the primary layers, It originates in most 
cases from the hypoblast, and although the considerations already 
urged preclude us from laying very great stress on this mode of 
origin, yet the derivation of the mesoblast from the walls of archenteric 
outgrowths suggests the view that the whole, or at any rate the greater 
part, of the mesoblast primitively arose by a of histogenic differ- 
entiation from the of the archenteron or rather from diverticula 


1 Zoologischer Aneciger, No. 52, p. 140. ‘This form has been namod by Kowaleraky 
‘Metschnikowi. 's deseriptis however, to be quite 
Se EK 
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of these walls, This view, which was origi forward 
myself (No. 260), appears at first sight very i i 7 


t 


ment of a hypoblastic muscul in the 
founded, it cannot be rejected as im ible, ~Lankester r ’ 
on the other hand, has urged mode of origin of the meso- 


blast in the Echinodermata is more primitive; and that the ameeboid 
cells which here give rise to the muscular and connective tissues re~ 
present cells which originally arose from the whole inner surface of 
the epiblast. It is, however, to be noted that even in the Echin 
dermata the amosboid cells actually arise from the : 
their mode of origin may, therefore, be used to support the view that 
the main part of the muscular system of higher types is derived from 
* pecs hich have taken place in the development 
t whi we taken in the 
of the msl oul be more itll on this ie than on the 
view the major part ¢ mesoblast primitively originated 
from the epiblast. “The presence of fuod-yolk is much more frequent in 
the hypoblast ‘than in the epiblast ; and it is well known that a large 
number of the changes in early development are caused by 
If, therefore, the mesoblast been derived from the hypol 
any piers Seages aight bees to have been introduced into 
its early development if it had been derived from the epiblast. 
At the same time the bypoblastic origin of the mesoblast would 
assist in exp'aining how it has come about that the develops 
the nervous system is almost always much less modified that 
of the mesoblast, and that the nervous system is not, as might, on 
the nds of analogy, have been anticipated, as a rule secondarily 
developed in the meso! 

The iga have recent]; in their very int memoir 
No. Regt Tri otlantien Leeaceys divided ‘nko post | (1) the 

terocarln, and (2) Preudocela; the former group 

Gephyrea, Brachiopoda, Nematoda, Arthropoda, Echinoder- 
mata, Enteropneusta and Chordata ; and the latter the jusca, Polyzoa, 
the Rotifera, and Platyelminthes, 

The Enterocela are forms in which the primitive alimentary diver- 
ticula have given origin to the body cavity, while the major of the 
muscular system has originated from the epithelial walls of diver- 
ticula, part however being in many cases also derived from the ameboid 
cells, called by them meseuchyme, by the second process of mesoblastic 
differentiation mentioned on p. 287. 

. In the Psoudocals the muscular system has become differentiated from 
mesenchyme cells; while the body cavity, where it exists, is merely a 
split in the mesenchyme, 

It ix impossible for me to attempt in thix place to state fully, or do 
justice to, the original and suggestive views contained in thi ba 

conclusion TF cannot however accept. The views of Hi 
to a large extent aj the supposition that it is possible to dis- 
tinguish histologically muscle cells derived from epithelial cells, from thoes 


il 
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ceived eum myssochyne cells, Crasin. many cones enil ale 80 in 
thal Ghordate, the muscle cella retain clear indications of their ve 
bre atrane "ia pnaet eggieonl eas but I do not believe either 
character can conclusive as to the non- 
stil simula col, 6x that Jt derivation $m the emery 
{Sai iohle eameeriperipogreeegnien rierasrgi pene 

bi ‘iginate from an epithelial cell, 
hold, as is clear from the preceding statements, that such immense 
secondary modifications have taken place in the development of the meso- 
that no such definite conclusions can be deduced from ita mode of 

it a8 the Hertwigs suppose. 
LOG 2 eee i dont pa creel i lle le 
eee Cee would point to the few 


a In the Porifera and many of the Coelenterata (Eucope polystyla, 
&c,) the hypoblast (endoderm) originates from cells, which ac- 
to the Hortwigs’ views ought to be classed as mesenchyme, 

“6 In numerous instances muscles which have, phylogenetically, an 

undoubted epithelial origin, are ontogenetically derived from cells which 
ought to be clasved as mesenchyme. The muscles of the head in all the 
higher Vertebrata, in which ibe head cavities have disappeared, are 
examples of this kind; the muscles of many of the Tracheata, notably the 
Araneina, must also be placed in the same ca! 

(8) The Mollusca are considered by the Hertwigs to be typical Pxeudo- 
calla, A critical examination of the early development of the mesoblast 
in these forms demonstrates however that with reference to the mesoblast 
they must be classed in the same group as the Chwtopoda, The mesoblast 
(Vol. top. (ee Boe originates as two bands of cells which grow 

mmwarda blastopore, and in some forms (Paludina, Vol. 1 fig. 
107) become divided into a splanchnic and somatic layer, with a body 
cavity between them, All these processes are such as are, in other in- 
stances, admitted to indicate Euteroceelous affinities, 

‘The subsequent conversion of the mesvblast elements into ameboid 
cells, out of which branched musclex are f is in my opinion simply 
due to the envelopment of the soft Molluscan within a bard shell, 

Tn addition to these instances I may point out that the distinction be- 
tween the Psoudocela and Enteroco:la utterly breaks down in the case of the 

and the Hertwigs have made no serious attempt to discuss the 
characters of this group in the light of their theory, and that the derivation 
of the Echinoderm muscles from mesenchyme cells is a difficulty which is 


very slightly treated, 
Ti. LaRvaL FoRMS: THEIR NATURE, ORIGIN AND AFFINITIES. 


Preliminary Ina eral way two types of 
development may be distinguished, viz. o fastal type and a larval 
type In the fetal type animals undergo the whole or nearly the 

of their development within the egg or within the body of the 
parent, and are hatched in a condition closely resembling the adult; 
ne in the larval type they are born at an earlier stage of develop- 
ment, in a condition differing to a greater or less extent from the 
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adult, and reach the adult state either by a series of small steps, or 
1 Ste ttc application of enol! dta to morphology 
lieati em ical data to mi 
depends upon a knowledge of the extent to which the record of 
ancestral Ristory has been in devel: t. Unless 
secondary changes intervened this record would Rei a it 
becomes therefore of the first importance to the embryologist to 
waaly the nature and extent of the secondary changes likely to vecur 
_ The oe ranch, seine th of variations which 
principles whi ern the perpetuation. i 
oceur in either the larval or the fotal state are the same as those 
for the Teac aes ter > rauaipne Sorerable to beg survival of fess 
species are equi ikely to be perpetuated, at whatever period 
life. they Lae Ae abr iie logs of the reproductive powers. The 
possible nature and extent of the secondary changes which may have 
occurred in the developmental history of forms, which have either a 
long larval existence, or which are in a nearly come con- 
dition, is primarily determined by the nature of the favourable 
variations which can occur in each case. 


functional importance 
from disappearing from the developmental history.“ All oi of 
locomotion and nutrition not required by the adult will, for this 
reason, obviously have a tendency to disappear or to be reduced in 
fostal developments; and a little consideration will shew that the 
ancestral stages in the development of the nervous and muscular 
systems, organs of sense, and digestive system will be liable to drop 
out or be modified, when a simplification can be effected. The 
circulatory and exe systems will not be ified to the same 
extent, because both of them are usually functional during feetal life. 

The mechanical effects of food-yolk are very iderable, and 
humerous instances of its influence will be found in the earlier 
chapters of this work’, It mainly affects the early stages of de- 
en ie, the form of the gastrula, &e. 

he favourable variations which may occur in the free larva are 

much less limited than those which can occur in the foetus. 
characters are therefore very numerous in larvw, and there may even 
bs larvw with secondary characters only, as, for instance, the larve 


* For nunserouy instances of this kind, ede Chapter xv. of Vol. a, 
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Tn spite of the liability of larvse to acquire secondary characters, 
there is a powerful ects alantiog atic tending towards the 
preservation of ancestral characters, in that larva are necessarily 
compelled at all stages of their growth to retain in a functional state 
such systems of organs, at any rate, as are essential for a free and 
independent existence. It thus comes about that, in spite of the 
many causes tending to produce secondary changes in laryw, there 
is always a better chance of larve repeating, in an unabbreviated 
form, their ancestral history, than is the case with embryos, which 
undergo their development within the egg. 

It may be further noted as a fact which favours the relative 
retention by larvw of ancestral characters, that a secondary larval 
atage is less likely to be repeated in development than an ancestral 
stage, se there is always a strong tendency for the former, 
which is a secondarily in ted link in the chain of development, 
to drop out by the occurrence of a reversion to the original type of 
development. 

The relative chances of the ancestral Seite hn preserved in 
the fetus or the larva may be summed up in the following way ;— 
There is a (eed chance of the ancestral history being Jost in forms 
which develop in the egg; and of its being masked in those which 
are hatched as larvas. 

The evidence from existing forms undoubtedly confirms the 
@ priori considerations just urged’. This is well shewn by a study 
of the development of Echinodermata, Nemertea, Mollusea, Crustacea, 

Tunicata. The free larve of the four first groups are more 
similar amongst themselves than the embryos which develop directly, 
and since this similarity cannot be supposed to be due to the larvw 
having been modified by living under precisely similar conditions, 
it must be due to their retaining common ancestral characters. In 
the case of the Tunicata the free retain much more completely 
than the embryos certain characters such as the notochord, the 
cerebrospinal canal, ete., which are known to be ancestral. 

of Larv#.—Although there is no reason to suppose that 
all larval forms are ancestral, yet it seems reasonable to anticipate 
that a certain number of the known types of larve would retain the 
characters of the aneestors of the more important phyla of the animal 


examining in detail the claims of various larve to such ‘a 


character, it is necessary to consider somewhat more at length the 
kind of variations which are most likely to occur in larval forms. 


4 Tt has long been known that land and freshwater forms develop without a 

mnch mare frequently than marino forms, This is probably to be 

by the fact that there is not the same possibility of a or freshwater 

easening noel inter b-side: sree tis Sha Sganey: al, Sine. tabs and ese 

much advantage in the existence of sach larvw; while the fact of such 

larve mare liable to be preyed apou than eggs, which are either concealed, or 
‘carried about by the parent, might render a larval stage absolutely disadvantageous. 
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‘ma: a8 and secondary larve. Pri 
leven soca co lene i Y annestrol formas which hava | 


cont 
uninterruptedly to as free larve from the time when they 
constitate he adle ee of the tpeclae larve are those 


Secondary 
which have become introduced into the ontogeny of species, the 
young of which were originally hatched with all the characters of the 
adult; such secondary larva: may have originated from a diminution 
of food-yolk in the and a consequently earlier commencement 
of a free existence, or a sim) To sdaptive modification dx, Che ise 
hatched » Secondary larval forms may rescinble She ee 
larval forms in cases where the ancestral cl rs were retail 

by the embryo in its development within the egg; but in other 
instances their characters are probably entirely adaptive. 9 


of action of natural aletnion on larve may probably be divided more 
or less artificially into two classes. 

1. The changes in development directly produced by the existence 
of a larval stage. 

2. The adaptive changes in a larva acquired in the ordinary 
course of the struggle for existence. et 

The changes which come under the first head consist essentially 
in a displacement in the order of development of certain ongans. 
There is always a tendency in development to throw back the 
differentiation of the embryonic cells into definite tissues to as late 
a date as possible. This takes place in order to enable the changes 
of form, which every undergoes, in repeating even in an 
abbreviated way its piiylagenelis Lusbocy, to be effected with the 
least expenditure of energy. Owing to this tendency it comes about 
that when an organism is hatched as a larva many of the organs are 
still in an undi tiated state, although the ancestral form which 
this larva represents had all its organs fully differentiated. In order, 
however, that the larva may be enabled to exist as an independent 
organism, certain sets of organs, ¢.g. the muscular, nervous, and 
digestive systems, have to be histologically differentiated. If the 
period of fatal life is shortened, an earlier differentiation of 
certain organs is a necessary consequence; and in almost all cases 


development of 5, the complete differentiation of many organs 
being retarded ively to the muscular, nervous, and digestive 
systems. 

te possible changes under the second head a) to be un- 
limited. There is, so far as I see, no possible reason why an indefinite 
number of organs should not be developed in larve to protect them 
from their enemies, and to enable them to compete with larva of 
other species, and so on. The only limit to such development 
appears to be the shortness of larval life, which is not likely to be 


=| 
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prolonged, since, ceteris paribus, the more quickly maturity is reached 
The better it is for the 
A very superficial exainination of marine larvee shews that there 
are certain peculiarities common to most of them, and it is im t 
to determine how fur such peculiarities are to be regarded as adaptive. 
Almost all marine larve are provided with well-developed organs of 
locomotion, and transparent bodies, These two features are precisely 
those which it is most essential for such larve to have. Organs of 
locomotion are important, in order that larva: may be scattered as 
widely as possible, and so disseminate the ‘ies; and transparency 
is very important in rendering larvi i invisi le, and so less liable to 
be pees upon by their numerous enemies’. 
considerations,% coupled with the fact kere almost all 
free-swimming animals, which have not other special means of 
scares are transparent, seem to shew that the transparency of 
larvae at all events is adaptive; and it is probable that organs of 
locomotion are in many cases specially developed, and not ancestral, 
‘arious spinous i eemes: on the larvw of Crustacea and Teleostei 
are rae a sseaiplse secondarily acquired protective organs. 
ese general considerations are sufficient to form a basis for the 
Sitsates otter decrees ea Lav pes of larva, 
The following table contains a list of Bice important of such 
larval forms : 
Dicresx.—The Infusoriform larva (vol, 1. fig. 62). 
Pouwas.-(0) The Amphiblastula larva (0g. 215), with one-balf of the 
Saigeprey ee (0) an oval uniformly ciliated larva, wl 
the form of a vesicle. 
oe plannla (fig. 216). 
‘Tonentanta —(a) The eight-lobed larva of Miller (fig. 222); (b) the larvw of Gitte 
and with some Pilidium characters. 
Newzxrxa.—The Pilidinm (fig. 221). 
‘Taeaarona.—Tho Cercaria, 

Rorivees.—The Trochospherv-like larvw of Brachionus (fg. 217) and Lacinularia, 
hee ‘Trochosphere larva ie 218), and the subsequent Veliger larva 
m20P0DA.—The three-lobed larva, with a ring of eilia (Gig. 220). 

sxz0a,—A larval form with a single ring surrounding the mouth, and an 
ston! aiiatea ring or diso (fig. 298). 
sroctrerefqeny ies tua ta lg” Ty ave aid 
Atrochw, Mesotrochw, Telotrochw (fig. 2256 a and fig. 226), Polytrochm, and 
hy tee rere ha ppebameg A specially 
characteristic larva is that of Echiuras (fig. 22% 
Gerwruxs Tostoor. —Actinotrocha (fig. "2i0), with @ postoral ciliated ring of 


arms. 
Baie ya eck as ee 
(rol 1 fig. i 174, 
farions secondary larval 
ea tae Neate ake ae ea) ani the Kona {rol 1. fig, 210), 


+ The phosphorescence of many larve is peculiar. Minty far bighecrom me 
(ree savceguecarh glioma der Monte eer be captured by 
the arash fad aot Smaiv ie diffeuit to ove of what advantage Wt ca be 
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EcmrxopenwaTa.The Auricnlaria (fig. 223 a), the fig. 228 nd 
See aa ea 
Exrenorxxvsra.—Tornaria (fig. 229). 
Gteorsen lara mika die wih adhesive pupilia in font ofthe mouth (ol 


Avena Anriors.—The tadpole (vol. m. fig, 80). 


Of the larval forms included in the above list a certain number 
are probably without affinities outside the Ht to which they 
belong. This is the case with the larvw of the Myriapoda, the 
Crustacean larve, and with the larval forms of the Chordata. T 
shall leave these forms out of consideration. 





Fro, 215. Two rnxe srsoms 1 Tam pevetoruext or Sycaxnns narmayue, 
(After Schultze.) 


A. Amphiblastala, 
B, Bags iter tbe elated cells Rave commenced to be lnvaginsted. 
ot. segmentation cavity; ec. granular epiblast cells; en. cilinted hypoblast cells. 


There are, again, some larval forms which may possibly turn out 
hereafter to be of importance, but from which, in the it state of 
our knowh we cannot draw any conclusions. The infusoriform 
sks of the Dicyemidw, and the Cercaria of the Trematodes, are such 
forms. 

Excluding these and certain other forms, we have finally left for 
consideration the larvew of the Colenterata, the Turbellaria, the 
Rotifera, the Nemertea, the Mollusca, the Polyzoa, the Brachiopoda, 
the Chetopoda, the Gephyrea, the Echinodermata, and the Entero- 

mnensta, 
2 The larvwe of these forms can be divided into two groups, The 
one group contains the larva of the Coelenterata or Planula, the other 
group the larvw of all the other forms, 


all 
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The Planula (fig, 216) is characterised by its extreme simplicity. 


c 
B 
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fy ai 
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@ 


Fre, 216, 


‘Tuexe Lanvar, stages ov Evcors vonvervaes. (After Kowalevsky.) 


A. Blastoxphero stage with hypoblast aphores becoming bndded into the central 


euvity. 
B. Planula ith solid hypoblast, 
©; Planula'ringe with n pustie oarty, 


ep. cpiblast; hy. bypoblast; at. gastric cavity, 


It is a two-layered organism, with a 
form varying from cylindrical to oval, 
and usually a radial symmetry. So 
long ag it remains free it is not 
nsually provided with a mouth, and 
it is as yet uncertain whether or 
no the absence of a mouth is to be 
regarded as an ancestral character. 
The Planula is very "probably the an- 
cestral form of the Coslenterata, 

The larva: of almost all the other 
groups, although they may be sub- 
divided into a series of very distinct 
types, yet agree in the possession of 
certain common characters’, There 
is a more or less dome-shaped dorsal 
surface, and a flattened or concave 
ventral surface, containing the open- 
ing of the mouth, and usually ex- 
tending posteriorly to the opening of 
the anus, when such is present. 

The dorsal dome is continued in 





Fro, 217. 
URCROLARI, 


Enanyo ov Bracnioncs 

KNORTLY WRFORE IT 1% 
narcen, (After Salenaky.) 

m. mouth; ms, masticatory appa- 
ratus; me, mesenteron; an. anus; 
Id. lateral gland; on, ovary; t. tail 
(foot); fr. trochal diso; sg. supra. 
‘ssophageal ganglion. 


front of the mouth to form a large provoral lobe. 
+ Tho larva of the Brachiopoda does not | meee! most of the characters mentioned 
feren| 


below. It ia probably, all the same, a highly 
group, 


tinted larval form belonging to this 


Bot LARVA OF THE TRIPLOBLASTICA. 


There is usually present at first an uniform covering of cilia; but 
in the later larval stages there are almost always formed definite 
bands or rings of long cilia, by which locomotion is effected. These 
bands are often produced into arm-like processes, 

‘The alimentary canal has, typically, the form of a bent tube with 
a ventral concavity, constituted (when an anus is present) of three 
sections, viz. an @sophagus, a stomach, and a rectum. The cso- 
phagus and sometimes the rectum are epiblastic in origin, while the 
aah always and the rectum usually are derived from the hypo- 

tt 

To the above characters may be added a (prec transparency ; 

and the presence of a wid~ 
ish space possibly filled 
with gelatinous tissue, and 
often traversed by contrac- 
tile cells, between the ali- 
mentary tract and the body 
wall, = 

Considering the vet 
profound differences which 
exist between many of 
these larva, it may seem 
that the characters just 
eis tine pape a 

icient to justify m: Ty 
ing pried ioetiaeie Et F 
however, to be borne in 
mind that my grounds for 





Fro, 218 Disonas oF Ax munnyo oF Piewnn- 
maxcmprox, (From Lankester,) , ¢ 
. otocyst; m. mouth; v.velum; ng. doing 80 depend quite as 






/ foot; 
panies } ry. residual yolk spheres; se, much upon the fact that 
shell 3 4 intestine. they constitute’ a series 
A 
5 
7 - 





Fro. 219. Lanvat or Cermatormonors Moucusca 0 THE VELIGER BTAOR, 
(From Gegenbasr.) 
A. and B. Earlier and later stage of Gnsteropod. C, Pteropod (Cymbalia), 
v. velum; ¢. shell; p. foot; op. opereulum; ¢. tentacle, 
1 "There is some uncertainty as to the development of the aeophagusin the Echino- 
dermats, but rocent researches appear to indicate that it is developed from the hypoblast, 
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without any great breaks in it, as upon the 
common to the whole of them, It is also 
worth noting that most of the characters 
which have been enumerated as common to 
the whole of these larve are not such second- 
ary characters as (in accordance with the 
considerations used above) might be expected 
to arise from the fact of their being sub- 
jected to nearly similar conditions of life. 
Their transparency is, no doubt, such a 
secondary character, and it is not impossible 
that the existence of ciliated bands may be 
so also; but it is quite possible that if, as 
I suppose, these larvs reproduce the eha- 
racters of some ancestral form, this form may 
have existed at a time when all marine 
animals were free-swimming, and that it 
may, therefore, have been provided with at 
least one ciliated band, 

The detailed consideration of the charac- 
ters of these larve, given below, supports 
this view. 

This great class of larve may, as already 
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Pio. 220, Lanva ov An- 
tore, (From Gegenbaur; 
after Kowalovsky.) 

m. mantle; b. setm; 
4. archenteron: 


stuted, be divided into a series of minor subdivisions. These sub- 


divisions are the following : 


1. The Pilidium Group.—This group is characterised by the 


mouth being situated nearly in the centre of th 


ventral surface, and 





by the absence of an anus. It includes the Pilidium of the Nemer- 





Fin. 221, Two srsoxs ix tHe DeveLormexr ov Prraprum, (After Metschnikodf.) 


ae, archenteron; or, cosophagus; st. stomach; am, 


amnion; prid. prostomial 


itive; po. metastomial dise; c.*. cephalic sack (lateral pit). 


BK. TH. 
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tines (fig. 221), and the various larve of marine Dendrocela (fig. 
222). At the apex of the preoral lobe a thickening of epiblast may 
be present, from which (fig. 232) a contractile cord sometimes passes 
to the esophagus, 

2. The Echinoderm Group.—This group (figs. 228, 224 and 
231 C) is characterised by the presence of a longitudinal postoral 
band of cilia, by the absence of special sense organs in the preoral 
region, and by the development of the body-cavity as an outgrowth 
of the alimentary tract. The three typical divisions of the alimen- 
tary tract are present, and there is a more or less developed preoral 
lobe, This group only includes the larve of the Echinodermata, 

3. The Trochosphere Group.—This group (figs, 225, 226) is 
characterised by the presence of a preoral ring of long cilia, the 
region in front of which forms a great part of the preoral lobe. The 
mouth opens immediately behind the preoral ring of cilia, and there 


A 





Pio, 222, A, Lanva of BUBYURPTA AURICUEATA IMMEDIATREY AFTER MATCHIXO, 
Vinwxp rrom rme stpx. (After Hallez.) s, mouth, 

B. Mittens Tomuxttastax tanva (paonan.y Tiryaaxozoox), Virwep rrow rim 
YErrRak svavace, (After Miller.) The ciliated band ix represented by the black line, 
w, month; al, apper lip, 


is very often a second ring of short cilia parallel to the main ring, 
immediately behind the mouth. The function of the ring of short 
cilia is nutritive, in that its cilia are employed in bringing food to 
the mouth; while the function of the main ring is locomotive. A 
perianal patch or ring of cilia is often mt (fig. 225 A), and in 
many forms intermediate rings are developed between the preoral 
and perianal rings 

The prworal lobe is usually the seat of a special thickening of 
epiblast, which gives rise to the supra-cesophageal ganglion of the 
adult, On this lobe optic organs are very often developed in con- 
nection with the supra-c-sophageal ganglion, and a contractile hand 
frequently passes from this region to the esophagus, 
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The alimentary tract is formed of the three typical divisions. 

The body cavity is not developed directly as an outgrowth of the 
alimentary tract, though the pro~ 
cess by which it originates is very 
probably secondarily modified 
from a pair of alimentary out- 
growths, 

Paired exeretory organs, open~ 
ing to the exterior and into the 
body cavity, are often present 
(fig. 226 nph). 

‘This type of larva is found in 
the Rotifera (fig. 217) (in which 
it is preserved in the adult state), 
the Sk ti (figs. 225 and 
226), the Mollusca (tig. 218), the 
A Me nuda (fig. 227), and 
the Polyzoa (fig. 228). 

4, Tornaria.—This larva 
(fig. 229) is intermediate in most 
of its characters between the 
larva of the Echinodermata (more especially the Bipinnaria) and the 
Trochosphere. It resembles Echinoderm larve in the possession of 
a longitudinal ciliated band (divided into a preoral and a postoral 

ing), and in the derivation of the body cavity and water-vascular 
vesicle from alimentary diverticula; and it resembles the Trocho- 
sphere in the presence of sense organs on the preoral lobe, in the 
existence of a perianal sacle cilia, and in the possession of a con- 
tractile band passing from the prworal lobe to the esophagus. 

5. Actinotrocha.—The remarkable larva of Phoronis (fig. 230), 
known as Actinotrocha, is charac- 
terised by the presence of (1) a post- 
oral and somewhat longitudinal cili- 
ated ring produced into tentacles, and 
(2) ® perianal ring, It is provided 
with a preoral lobe, and a terminal 
or somewhat dorsal anus. 

6, The larva of the Brachio- 
poda articulata (fig. 220). 

The relationships of the six types 
of larval forms thus briefly charac- 





Fra, 228, A, 
rironotD. 

B. Tie tanva ov ax Anrenorn, 
m, mouth; ef, stomach: a. 
primitive longitudinal ciliated ba 
i band. 


prmoral ciliated 


‘Tux banva or 4 Hovo- 











Fro, 224. A tanva or Srnoxoy- 


terised have been the subject of a con- 
siderable amount of controversy, and 
the following suggestions on their af- 
finities must be viewed as somewhat 
speculative. The Pilidium type of 


vocextnes. (From Agassiz.) 
m, mouth; a. anus; 0, osophagus; 
stomach; ¢ intestines v’.and v. 
ciliated ridges; w. wnter-vasoular 
tube; 7. ealoareous rods, 








* Por a diacnasion as to the structure of the Polyzoon larva, wide Vol. 1, p, 258. 
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Jarva is in some im * respects less highly differentiated than the 
larvee of the five other groups. It is, in the first without an 
anus; and there are no grounds for supposi the anus has 
become lost by retrogressive changes. If for the moment itis granted 
that the Pilidium larva represents more nearly than the larvw of the 
thie gronps tha anioestral type of larea, what characters’ sro we led 
to assign to the ancestral form which this larva repeats? 
In the first place, this ancestral 


form, of which fig. 231 A is an A B 
ideal representation, would ir 

to have had a dome-shaped body, 5, * 

with a flattened oral surface and 

a rounded aboral surface. Its . 

sym was radial, and in the ey, 

centre of the flattened oral surface 

was placed the mouth, and round 

its edge was a ring of cilia, The = 


of a Pilidium-like larva « 
into the vermiform bilateral Platy- 
elminth form, and therefore it Fro, 225, Two Cumrorop Lana, 


we ted, and by the region 
between the mouth and one end of the body becoming the preoral 
region, and by an outgrowth between the mouth and the opposite 
end developing into the trunk, an anus 
becoming placed at its extremity in the 
higher forms. 

Tf what has been so far postulated is 


place, not by the elongation of the aboral 
surface, ide Betcare of: ‘an anus ‘there, 





dome above it, forming a ral lobe, and a blastic 
a posterior outgrowth the trunk (figs, 226 3 am abesy ob sloniaeh. 
and 233); while the aboral surface e 

the dorsal surface. 


This view fits in very well with the anatomical resemblances 
between the Calenterata and the Turbellaria', and shews, if true, 


+ Pide Vol, 1. pp. 148 and 168, In thiv connection attention be called to 
Caloplana Mrtscknitowei, a form describel by Kowalevaky, Beokgieher Analg 
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that the ventral and median position of the mouth in many Turbel- 
laria is the primitive one, 

‘The above suggestion as to the mode of passage from the radial into the 
bilateral form differs largely from 
that usually held. Lankester’, for 
instance, gives the following ac- 
count of this passage ; 

“Tt has been recognised by 
various writers, but notably by 
Gegenbaur and Haeckel, that a 
condition of radiate symmetry 
must have preceded the condition 
of bilateral symmetry in animal 
evolution, ‘The Diblastula may be 
conceived to have been at first 
absolutely spherical with spherical 
symmetry. The establishment of 
a mouth led necessarily to the 
establishment of a structural axis ene : Am 
passing through the mouth, around 30. 387. va or Ecuruncs, r 
Which axis the ody was arranged S#lensky.) 
with radial symmetry. This con- gale anus; 4g. supra-cesophia- 
dition is more or less perfectly : As 
maintained by many Ceelenterates, and is reassumed by degradation of 
higher forms (Echinoderms, some Cirrhipedes, some Tunicates). ‘The next 

is the differentiation of an upper and a lower surface in relation 
to the horizontal position, with mouth placed anteriorly, assumed by the 
organism in locomotion. With the differentiation of a superior and inferior 
surface, a right and a left side, complementary one to the other, are 
necessarily also differentiated. Thus the organism becomes bilaterally 
symmetrical. The Colentera are not wanting in indications of this 
bilateral symmetry, but for all other higher groups of animals it is a 
fundamental character. Probably the development of « region in front of, 
and dorsal to the mouth, forming the Prosto- 
mium, was accomplished pari passe with the aaa ke 
development of bilateral symmetry. In the 
radially symmetrical Caslentera we find very 
commonly a series of lobes of the body-wall 
or tentacles produced egually—with radial sé. 
symmetry, that is to say—all round the 
mouth, the mouth terminating the main axis 
of the body—that is to say, the organism 8 - 
being ‘telostomiate.’ The later fundamental . 
fim, Comuion to ail animals above the Ca- 46 so, ome ows 
lentera, is attained by shifting what was the m. mouth; an. anu 
main axis of the body—so that it may be stomach; «. ciliated diso. 





at 





52, p. 140, as being intermediate between the Ctenophora and tho Turbellaria, As 
mentioned, there dos not a) to me to be sufficlent evidence to prove that 
this form is not merely n creeping Ctenophor. 
* Quart, Journ, of Micr, Selence, Vol. xvit. pp. 422-3, 
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Lei nomen De reaee ss haachrag oper ergo 
wit progression, passes through the dorsal region of the body 
running obliquely in relation to the enteric axis, Only one lobe or out- 
growth of those radially disposed in the telostomiate organisms now per~ 
sista, This lobe lies to the mouth, and through it runs the new 
main axis. This lobe is Prostomivm, and all the organisms which 
thus develop a new main axis, oblique to the old main axis, may be called 


eee eee ere meee terme thet the aboral part of the body is 
supposed to elongate to form the trunk, while the preoral region is derived 
from one of the tentacles, 


Before proceeding to further considerations as to the origin of the 
Bilateralia) suggested by the Pilidium type of larva, it is necessary 
to enter into a more detailed comparison between our larval forms. 

lle tel teas Bd consideration of the characters of these forms 
brings to igs yee Araportane features in which they differ, viz : 
ies presence or absence of sense organs on the preoral 
0) 


(2) In the (ran or absence of outgrowths from the alimentary 
tract to form t Daly oartier 

The larve re “chinodermata and Actinotrocha (?) are without 
sense organs on the 
oral lobe, while the ones 
types of larva are provided 
with them, Alimentary 
diverticula are character- 
istic of the larve of the 
Echinodermata and of Tor- 


naria. 
If the conclusion al- 
ready acer at to the 
fect that. the protot: 
of the six larval nt 
was descended from a ra- 
diate ancestor is correct, it 
appears to follow that the 
nervous system, in so far 
as it was differentiated, 
had primitively a radiate 
form; and it is also pro- 
bably true that there were 
alimentary diverticula in 
the form of radial pouches, yo, 999, ‘Two exsone x TE DEVELOPMENT 
two of which may have or Tonxants. (After Metachnikoll,) 
ison ors i dp, tie paired The black lines represent the ciliated bands. 
iverti which become m. mouth; an. anne; br. branchial cleft; ht. 
the body cavity in such batts ¢ bedy cavity between a aa Si 
types as the Echinoder- wala; 0 rodiastiecatoneae Ses 
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mata, Sagitta, etc. If these two points are granted, the further 
conclusions seem to follow—(1) that the ganglion and sense organs of 
the preoral lobe were secondary strnc- 
tures, which arose (perhaps as differentia- 
tions of an original cireular nerve ring) 
after the assumption of a bilateral form ; 
and (2) that the absence of these organs 
in the larve of the Echinodermata and 
Actinotrocha (?) implies that these larvee 
retain, $0 far, more primitive characters 
than the Pilidium. The same may be 
said of the alimentary diverticula. ere 
are thus indications that in two important 
points the Echinoderm larvi are more 
primitive than the Pilidium, 

The above conclusions with reference 
to the Pilidium and Echinoderm larvm in- 





volve some not inconsiderable difficulties, ia 
and suggest certain points for further dis- 4, 999, Aor: 
cussion, “a (After Motschnikotf, ) 

In the first place it is to be noted m, mouth; an, anus, 


that the above speculations render it 

bable that the type of nervous system from which that found 
in the adults of the Echinodermata, Platyclminthes, She tepote, 
Mollusca, ete., is derived, was a circumoral ring, like that of use, 


A B at 


a oe 


af 


on 





Fro, 251, Tink pronase axrRRKKSTING THE IDEAL MVOLUTION oF YAROUR 
LARVAL FORMS. 
A, Ideal ancestral larval form, 
B, Larval form from which the ae may have boen derived. 
C, Larval form from which the typical Echinoderm lara may have been derived. 
m, mouth; an. anus; ef, stomach; #9, supra-asophageal ganglion, 
‘The black lines represent the ciliated bands. 


- 


12 PRIMITIVE TYPE OF NERVOUS SYSTEM. 


2 


te mo 
Ped Seer 


is 

bi parle prog iets be regarded 

ery oe Say ai ade 

eircui nerve-ring, ly ex ni 
erve-cords united in front and bekind—exactly 


to occupy if derived from part oe ‘eig 
oe peel late meet nn 
au) 


gonna the nervous system being found 

ino primi eps ¢ Nemertines tends to establish the views 
the absence or imperfect develo; it of 

the two olongieudinal cond in Turbellarians may very prol be due 
CY Dread aap hies oan 4 having ai ‘ied in this group. 

Tt is by no means certain that this arrangement of the nervous 
system in some Mollusca and in Peripatus is Eo peiinitivas though it 
may be so. 

In the larvm of the Turbellaria the devel it of sense organs in the 
[epaks ol gmtheteat hye 222 B); but this is by no means so obvious 
in the case of the true Pilidium. ro is in dome, ot gai 
Fee tie Soalsgs ot Mitkas oe (hg 80) fo woop Betsy 
irom itraria, ete. to correspond to 

apra-cosophageal 


the formation of the young Nemertine (fg. 232). The peculiar metamor- 
pas hosis, which takes place in the development of the Nemertine out of the 

idium*, may, perhaps, eventually supply an explanation of this fact; but 
at present it remains 34 a still unsolved difficulty, 


ot ide FM, Balfour, cae in the Anat, of conpenaie,”” Quart. 
OE his tp a agers 
* Wide Vol. t. p. 160, 
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‘The position of the flagellum in Pilidium, and of the supra-cesophageal 
ganglion in Mitraria, suggests a different view of the origin of the supra- 
cesophageal ganglion from that adopted above. The position of the ganglion 
in Mitraria corresponds closely with that of the auditory organ in Cteno- 
phora; and it is not impossible that the two structures may have had a 
common origin. If this 
view is correct, we must 
suppose that the apex of 
the aboral lobe has be- 
come the centre of the 
preoral field of the Pi- 
lidiam and Trochosphere 
larval forms'—a view 
which fits in very well 
with their structure 
(figs. 226 and 233), The 
whole of the questions 
concerning the nervous 
system are still very ob- 
seure, and until further 
facts are brought to light 
no definite conclusions 
can be arrived at, 


The absence of 
sense organs on the 
ral lobe of larval 
Schinodermata, cou- 
pled with the structure 
of the nervous system 
of the adult, points to 
the conclusion that the 
adult’ Echinodermata 
have retained, and not, 
as is now usually held, 
secondarily acquired, - 
their radial symmetry; F292 A. Pruaprow wir ax apvaxcen Nexen 


aries : me Won, B, Rive xamuyo op Nuaunres 1 THe 
and if this is admitted —posrriox er occupies x Prurorest. (Both after Biitschli.) 


it follows that the ob- @, sophagus; st. stomach; ¢. intestine; pr. pro- 
vious bilateral sym- doscis; Ip. lateral pit (cephalic sack); on. amnion; x. 
metry of Echinoderm "¥ou* sy#tem. 

Jarvis is a secondary character, 

The bilateral symmetry of many Ccelenterate larve (the larva of 
Aginopsis, of many Acraspeda, of Actinia, &c.), coupled with the fact 
that a bilateral symmetry is obviously advantageous to a free-swim- 
ming form, is sufficient to shew that this supposition is by no 
Means extravagant; while the presence of only two alimentary 











+ ‘The independent development of the supra-csophageal ganglion and. ventral 
nerve-cord in Chmtopoda (vide Kleinenberg, Development of Lumbricus trapezoides) 
agrocs vory antiafactorily with this view. 
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diverticula in Echinoderm larve is quite in accord with the presence 
of a single pair of perigastric ¢ rs in the early larva of Actinia, 
though it must be admitted that the derivation of the water-vascular 

from the left divertiewlum is not easy to understand on this 


the other types as in any way related ; but if the views already urged, 
in @ previ a ike dascane on pee aor 
the are admi the fact of the anus coinciding with the 
ee Ce ee As may be seen, by referring to 
fg. 3 C, the anus is placed on the dorsal side of the ciliated band. 
ui Ea Dae ede ecinpa 1021 i the view that the Echino- 
derm larva had originally a radial symmetry, with the anus placed at 
the aboral apex, and that, with the elongation of the larva on the 
Sacre a mes arena sg Ai aborel pest hepemne eae 
to the present position of the anus, 

‘Tt may be noticed that the obscure points connected with the absence of 


pe cig erage saer i which have already been dealt 
ives 3 it to either 
Pee ee 


alimentary , Were primitively 
in the inthes, but have now di: from the 
eee aera panne Sooo 
from the tract. 

So far the conclusion has been reached that the archetype of the 
six types of larve had a radiate form, and that amongst existing larva: 
a most pearly perce ate general 2 ae in the ee the 

jimentary canal idiam group, and in certain o parti-~ 
Fee eee 
e nC e archety was 
armed with a ciliated ung. from which the ciliated tin of ie 
dium type and of the Echinodermata was most likely derived. The 
cil ring of the Pilidium varies greatly in its characters, and has 
not always the form of a complete ring. In Pilidium proper (fig. 282 A) 
it is a simple ring surrounding the edge of the oral disc. In Miller's 
larva of Thysanozoon (fig. 222 B) it is inclined at an axis to the 
oral dise, and might be called prworal, but such a term cannot be 
properly used in the absence of an anus, 
Echinoderm ring is oblique to the axis of the body, and, 
“abe to the fact of its passing ventrally in front of the anus, must 


The next point to be considered is that of the affinities of the 
other larval types to these two types: 

The most important of all the larval types is the 
and this type is undoubtedly more closely related to the Pilidium 


k 
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than to the Echinoderm larva. Mitraria amongst the Cha:topods 





Fro, 283, Two staoxs 1x Tite puvetorstexy or Muruanta. (After Metechnikoff.) 
m. month; an. anus: sg. supraesophageal ganglion; br. and b. provisional 
bristles; pr.b, prmoral ciliated baud. a 


Ge 238) has, indeed, nearly the form of a Pilidium, and mainly 
from a Pilidium in the possession of an anus and of provisional 
bristles; the same may be said of Cyphonautes (fig. 234) amongst 
the Polyzoa. 
The existence of these two forms appears to shew that the prae- 
oral ciliated ring of the 
Trochosphere may very 
bly be derived directly 
the circumoral ciliated 
ring of the Pilidium; the 
other ciliated rings or 
es of the Trochosphere 
aving a secondary origin. 
ai? larva of the Brachi- 
opoda (fig. 220), in spite of 
its wil a iiaractere, is, 
in all probability, more 
closely related to the Chie~ 
Trochosphere than to 


any other larval type. The er ( ¥ 
most conspicuous point, of tW. be SYPHONAUTES (LARTA OF MeseHtA~ 
ent between them is, en Ttoany (foot glands = ye 
however, the possession in ttomatical body (probubly's bud). 
common of provisional setw. ‘The aboral apex is turned downwards. 
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Echinoderm larve differ from the Trochosphere, not only in the 
Ree polinsiece tend  bewieninl cot eesoal tha jem tee 
there i tank the nonce pe ae Tech 

is reason to at ere 
the postoral band of the Echinoderm larva are both derived from a 
ciliated ring surroundi: Die malin ob SEtTLETorES 
Jarvie (vide Bg. 231). athe dorsal side of the log, bad 


bie 
iy 
ie 
a 
& 
i 
ing 
it 
2k 
Ta 
aed 
E 
EF} 
: 


ition between the two ri Cony theres abit ra Attha view 
reference to these rin; been put for reise Gegenbaur 
and Lankester, to the effect Seevesoral star ia 
is derived from the breaking uj of the sing] of most Echinod 
larvw into the two bands found in Fs ptioecea (vide fig. re the 
atrophy of the posterior band. There is no doubt a good to be 
tid for this origin of the prooral ring, and it is alrengthened by the 


Actinotrocha (fig. 280) undoubtedly resembles more closely 
Echinoderm larva than Trochosphere. Its ciliated. _ has 
Echinoderm characters, and the grow’ bree, 


i eek OS Scan Aa pecy manSlaa 
Eepivoderns. 1 Seat ge 


absence of vay on the lobe. 
Tornaria (fig. 229) cannot jefinitely united either with the 
ere or with ‘ne Tehiucdons rr type. It has important 
in common with both of these groups, and the mixture of 
these characters renders it a very The ngloge mel aeeee ree 
conclusions. The logenetic jusions 
Pah ins Serespt ten views remain Ape a with. The fact that 
all the larva of the groups rae the ergs rei: Subee reduced to 
a common type seems to indicate that 2 are 
descended <n a pues stem. on : oe 
Considering that larvae comparatively few FeoOre ve 
persisted, no conclusions as to affinities pa pe 
sence of a larva in any ip; and the presence in two met 
common larval form may be taken as proving a common 
does not necessarily shew any close affinity. 
There is every reason to believe that ie types ne 
. nite 


Gephyrea, and the Pol: are descended from a common 
form; and it is also fai certain there wal saat ae 
the Platyelminthes. een affinity of 
Brachiopoda with the Chatopoda is more than probable. ta thew 
together with various Pepe palin ati a mn 
ts at ee mack piseer vera larval form, are descended from 
a bilateral ancestor, Echinodermata on the other hand, ave pro 
Salis Aualy sevexded toon aeectahontatsreed macomeone 
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completely retained their radial symmetry. How far Actinotrocha’ is 
related Cac er onenet bec fener aches Its characters 
may ‘ibly ee jose of the mesotrochal larve of 
lied or they may due to its having branched off very 
the stock common to the whole of the forms above the 
ita. The position of Tornaria is still more obscure. It is 
difficult, in the face of the peculiar water-vascular vesicle with a dorsal 
to avoid the conclusion that it has some affinities with the 
Fchinoderm larvae, Such affinities would seem, on the lines of speeu- 
lation adopted in this section, to prove that its affinities to the Trocho- 
here, striking as they appear to be, are secondary and adaptive, 
From this lusion, if justified, it would follow that the Echinoder- 
mata and Enteropneusta have a remote ancestor in common, but not 
that the two groups are in any other way related, 
Parralionciadces'aod sumniary: Starting from the demon- 
strated fact that the larval forms of a number of widely separated 
types above the Colenterata have certain characters in common, it 
has been provisionally assumed that the characters have been inherited 
from a common ancestor; and an attempt has been made to determine 


sl Round the edge of the oral surface was a ciliated ring, and 
a nervous ring provided with sense organs, The alimentary 
was prolonged into two or more diverticula, and there was no 


The bilaterally symmetrical types were derived from this 
larval form by the larva becoming oval, and the region in front of the 
‘ing a lobe, and that behind the mouth growing 
out to form the trunk, The aboral dome became the dorsal surface. 
On the establishment of a bilateral symmetry the anterior part 
of the nervous ring gave rise (?) to the panera ea ganglia, and 
the optic organs connected with them; while beniers part of 
the ing formed (?) the ventral nerve-cords. e body. seeny 
was Glerelonedt from two of the primitive alimentary diverticul 
‘The usual view that radiate forms have become bilateral by the 
siongatice of the aboral dome into the trunk is probably erroneous, 
Pilidium is the larval form which most nearly reproduces 


4 Th in quite possible that Phoronia in in no way related to the other Gephyrea. 


Ail { 
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Teint en tariealben becca deve ‘The preoral ciliated ring 
the Trochonphore is probably divectly derived froct tbe/cllatad! 


a] 
Adult Pesiniercas have probably retained the radial symmetry 
of the forms from which they are descended, their nervous ring being 
di derived from the circular nervous is Ne their ancestors, 
They have not, as is usually supposed, secondarily acquired their 
symmetry. The bilateral symmetry of the is, on this 
view, secondary, like that of 30 many Coclenterate larva. 
The points of similarity between Tornaria eenlly) the Trocho~ 
sphere and (2) the Echinoderm larvw are probabl; iptive in the 
one ease or the other; and, while there is no difficulty in believing 
that those to the Trochosphere are adaptive, the presence of a 
water-vascular vesicle with a dorsal pore renders probable a real 
bari I's 9 ble in the of ki 
8. is not ible in present state of our know! to 
decide how far shorsssmisanoss between Actinotrocha no ties: 
derm larvm are adaptive or primary. 
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ORGANOGENY. 


PART II. 


ORGANOGENY, 


INTRODUCTION. 


Our knowledge of the development of the organs in most of the 
Invertebrate groups is so meagre that it would not be profitable to 
attempt to treat systematically the organogeny of the whole animal 
kingdom. 

‘or this reason the plan adopted in this section of the work 
has been to treat somewhat fully the organogeny of the Chordata, 
which is comparatively well known; and merely to indicate a few 
salient facts with reference to the organogeny of other groups. In 
the case of the nervous system, and of some other organs which 
especially lend themselves to this treatment, such as the organs of 
special sense and the excretory system, a wider view of the subject 
has been taken; and certain general principles underlying the de- 
velopment of other organs have also been noticed. 

The classification of the organs is a matter of some difficulty. 
Considering the character of this treatise it seemed desirable to 
arrange the organs according to the layers from which they are 
developed. The compound nature of many organs, e.g. the eye and 
ear, renders it, however, impossible to carry out consistently such a 
mode of treatment. I have accordingly adopted a rough classification 
of the organs according to the layers, dropping the principle where 
convenient, as, for instance, in the case of the stomodwum and procto- 
deum. 

The organs which may be regarded as mainly derived from the 
epiblast are (1) the skin; (2) the nervous system ; (3) the organs of 
special sense. 

Those from the mesoblast are (1) the general connective tissue and 
skeleton ; (2) the vascular system and body cavity ; (3) the muscular 
system ; (4) the urinogenital system. 
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Those from the hypoblast are the alimentary tract and its 
derivates; with which the stomodeum and proctodeum and their 
respective derivates are also dealt with. 
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CHAPTER XIV. 
THE EPIDERMIS AND ITS DERIVATIVES. 


In many of the Ccelenterata the outermost layer of the blasto- 
derin is converted as a whole into the skin or ectoderm. The cells 
composing it become no doubt in part differentiated into muscular 
elements and in part into nervous elements, c.; but still it may 
remain through life as a simple external nembrane. This membrane 
contains in itself indefinite potentialities for developing into various 
organs, and in all the true Triploblasticn these potentialities are more 
or less realized. The embryonic epiblast ceases in fact, in the higher 
forms, to become converted as a whole into the epidermis, but first gives 

“rise to parts of the nervous system, organs of special sense, and other 


After the formation of these parts the remnant of the epiblast 
gives rise to the epidermis, and often unites more or less intimately 
with a subjacent layer of mesoblast, known as the dermis, to form with 
it the skin. 

Various differentiations may arise in the epidermis forming pro- 
tective or skeletal structures, terminal sense organs, or glands. The 
structure of the epidermis itself varies greatly, and for Vertebrates its 
general modifications have been already sutticiently dealt with in 
chapter x11. Of its special differentiations those of a protective or 
skeletal nature and those of a glandular nature may be considered 
in this place. 

Protective epidermal structures. These structures constitute a 
eneral cuticle or an exoskeleton of scales, hairs, feathers, nails, 
oofs, &c. They may be entirely formed from the epidermis cither 

as (1) a cuticular deposit, or as (2) a chitinization, a cornification, 
or calcification of its constituent cells. These two processes run 
into each other, and are in many cases not casily distinguished, The 
protective structures of the epidermis may be divided into two grou 

according as they are formed on the outer or the inner side of the 
epidermis, Dermal skeletal structures are in many cases added to 
them. Amongst the Invertebrata the most widely distributed type 
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of exoskeleton is a cuticle formed on the outer surface of the 
epidermis, which reaches its highest development in the Arthro- 
poda. In the same class with this cuticle must be placed the mollus- 
can and brachiopod shells, which are developed as cuticular plates 
on special regions of the epidermis. They differ, however, from the 
more usual form of cuticle in their slighter adhesion to the subjacent, 
epidermis, and in their more complicated structure, The test of 
Ascidians is an abnormal form of exoskeleton belonging to this type. 
It is prgaetls formed (Hertwig and Boni) as a cuticle on the sur- 
face of the epidermis; but subsequently epidermic cells migrate into 
it, and it then constitutes a tissue similar to connective tissue, but dif- 
fering from ordinary epidermic cuticles in that the cells which deposit 
it do so over their whole surface, instead of one surface, as is usually 
the case with epithelial cells. 

In the Vertebrata the two types of exoskeleton mentioned above 
are both found, but that developed on the inner surface of the epi: 
dermis is always associated with a dermal skeleton, and that on 
outer side ceeel: 80. The type of exoskeleton developed on the 
inner side of the epidermis is confined to the Pisces, where it 

as the scales; but primitive form of these structures 

as the teeth in the Amphibia and Amniota. ‘The type developed on 
the outer side of the epidermis is almost entirely’ confined to the 
Amphibia and Ampiota, where it a) as feathers, hairs, 
claws, nails, &e. For the histological details as to the formation of 
these various organs 1 must refer the reader to treatises on histology, 
confining my attention here to the general embryological processes 
which take place in their development. 

The most primitive form of the first type of dermal structures is 
use ers oe [eter epee of Elasmobrancte® pag tie when 
fully formed, of a plate bearing a spinous projection. are consti- 
tuted of an outer enamel layer on the hacking part, developed as a 
cuticular deposit of the epidermis (cpiblast), and an underlying basis 
of dentine (the lower part of which may be osseous) with a 

Ip in its axis. The development (fig. 235) is as follows (Hertwig, 
Ri. 306). A papilla of the dermis makes its a) the outer 
layer of which gradually calcifies to form the qentine and osseous 
tissue. This papilla is covered by the columnar mucous layer of the 
epidermis (e), from which it is separated by a basement membrane, 
itself a product of the epidermis. This membrane gradually thickens 
eet gradealin ie gives rise me eel cap (0). The spinous 

int ly forces its way throu ¢ epidermis, so as to ject 
Freely at the surface. ) ihe Ped 

The scales of other forms of fishes are to be derived from those 

of Elasmobranchii, The great dermal plates of many fishes have been 


' The b of the 
x, 3 esa noe tes i Senn Sea 
viows herw expressed aro largely derived, vide O. Hertwig, Nos. yo6—o8, 
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formed by the conerescence of groups of such cules, Tho dentine in 


many cases jally or completely utrophies, lea’ the major of the 
wale joer let tuck eat plates ae jason pase the 





Fro. 235, Venticat encriox Tnovent tux sktx OF AX xotHRYONIC SHARK, TO BNEW 
A DEVELOPING PLAcorD scatx. (From Gegenbaur; after O, Hertwig,) 

&. epidermie; C. layers of dermis [. uppermost Inyer of dermis; . of 
IRsestis Gs ertesonh later OF opldarmiay. 0, ensetel layers Ese 


‘The teeth, as will be moro particularly described in the section on the 
alimentary tract, are formed by a modification of the same process as the 
placoid scales, in which a ridge of the epithelium grows inwards to meet 
® connective tissue papilla, so that the development of the teeth takes 
place oo ees the snperficial layer of epidermis. 

In most Teleostei the enamel and dentine layers have disappeared, and 
ou acales are entirely formed of » peculiar calcified tissue developed in 





‘The cuticle covering the scales of Reptiles is the simplest type of 
Fea structure formed on, the outer surface of the epidermis. 
scales consist of papillw of the dermis and epidermis; and are 
covered by a thickened portion of a two-layered cuticle, formed over 
the whole surface of the body from a cornification of the superticial 
partof the epidermis, Dermal osseous plates may be formed in con- 
nection with these scales, but are never of course united with the 
superficial cuticle. 

Feathers are probably special modifications of such scales, They arise 
from an induration of the epidermis of papille containing a vascular core, 
‘The provisional down, manally peement at the time of hatching, is formed by 
the cornification of longitudinal ridges of the mucous layer of the epidermis 
of the papille ; each cornified ridge giving rise to a barb of the feather. 
‘The | of the epidermis forms « provisional sheath for the de- 

e er below. When the barbs ure fully formed this sheath is 
rai the vascular core dries up, and the barbs become free except at 


Without entering into the somewhat complicated details of the forma- 
tion of the permunent feathers, it may be mentioned that the calamus or 


ai 
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Jet is formed by a cornification in fs try oh ale ne 
epidermis at the base of the The 


feather this is formed at the apex of the papilla from ridgetike 
ings of the mucous layer of epidersais, arcenged. 23 ae a 
yr ed axis, continuous with 


and barbs of the plume. The external epidermic layer becomes converted 
into a provisional horny sheath for the true feather beneath. 

On the completion of the plame of the feather the external sheath is 
thrown off, leaving it quite and the vascular core belonging to it 
tery ery period eoedarly exvoloped io tor Slisle whch eraioa 
v iod secondarily en ina pit or wl 
ddearoens be the davalcfenent of the feathor is continued, 

Hairs (Kélliker, No, 298) are formed in solid processes of the 
mucous layer of the epidermis, which project into the subjacent dermis. 
The re iteelt ee from a comifiosiign ot he cells of the of 
one of the above processes; and is inve yy a sheath similarly 
formed from the more superficial epidermic cells. A still papilla of 
the dermis grows into the inner énd of the epidermic process when 
the hair is first formed. ‘The first trace of the hair aj to 
this papilla, but soon increases in length, and when the end of the 
hair projects from the surface, the original solid posesk the epi- 
dermis mes converted into an open pit, the lumen of which is 
filled by the root of the hair. Hairs differ in their mode of formation 
from scales ina manner analogous to that in which the tecth differ 
from ordinary placoid scales; i. they are formed in im di- 
rected Heamiaces of the epidermis instead of upon free papille at 
the su 5 

Nails (Killiker, No. 298) are develo) on ial regions of thie 
pene: Gane as the pita nail faery ey are formed by the 
cornification of a layer of cells which wakes ite appearance between the 
horny and mucous layers of the epidermis. The border of the nail 
soon becomes free, and the further growth is effected by additions to the 
‘under side and attached extremity of the nail. 

Although the nail at first arises in the interior of the epidermis, yet 
its position on the outer side of the mucous layer clearly indicates with 
which group of epidermic structures it should be classified, 

Dermal skeletal structures, We have seen that in the Chordata 
skeletal structures, which were primitively formed of both be oe | 





dermic and dermic element, may Inse the former element 
entirely developed in the dermis. Amongst the Invertebrata there 
are certain dermal skeletal structures which are evolved wholly 
independently of the epidermis, The most important of these 
structures are wee skeletal plates 7% the eee 
Glands. secreto the various glan structures 
pelanging 0 the skin is tavarbly formed from the epi is. In 
it appears that these glands are always formed as solid in- 
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growths of the mucuus layer “Kolliker. No. 293. The ends of these 
ingrowths dilate to furm the true giandular part of the organs, while 
the stalks connecting the glandular portions with the surface form 
the dacts. In the case of the sweat-glan!s the lumen of the duct 
becomes first established. Its f.rmati-n is inaugurated by the ap- 

ance of the cuticle, and appears first at the inner end of the 

uct and thence extends cutwards Ranvier, No. 311. In the 
sebaceous glands the first seeretion is furtued by a fatty modification 
of the whole of the central cells uf the glam. 

The muscular layer of the secreting part of the sweat-glands is 
formed. according to Ranvier -No. 311, from a meditication of the 
deeper layer of the epidermic cell: 

The Mammary Glands arise in essentially the same manner as 
the other glands of the skin’. Th» glands of each side are formed as 
a solid bud of the mucous layer of the epidermis. From this bud 
processes sprout out, each of which gives rise ty one of the numerous 

lands of which the whole organ is formed. Two very distinct types 
In the relation of the ducts of the glands to the nipple are found 
(Gegenbaur, No. 313 . 
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especially of optic organs, are often formed from the same part of the 
ee epidermis. Thus the retina of the Vertebrate eye is formed 
the two lateral lobes of the primitive fore-brain. 

eee are eusithe compouril 6 Se ee ee pas 
supracesophageal ganglia of t animals are formed in the embryo 
from two thickened patches of the epiblast of the procephalic lobes. 
‘These thickened become ually detached from the surface, 
remaining covered by a layer of epidermis, They then constitute the 
supracesophageal ganglia; but they form not only the ganglia, but 
also the retinule of the eye—the parts in fact which correspond to 
ee in our pen She. soneeecry asaibiees 
organs: jal sense, viz. the ine of the Vertebrate eye, 
and the corneal lenses and crystalline cones of the Crustacean eye, 
are independently formed from the epiblast after the separation of 
the which becomes the central nervous system, 

in the Acraspedote Meduse the rudimentary central nervous 
system bas the form of isolated rings, composed of sense-cells pro- 
longed into nervous fibres, surrounding the stalks of tentacle-like 
organs, at the ends of which are placed the sense-organs. 

This close connection between certain organs of special sense and 
ganglia is probably to be explained by supposing that the two sets 
of structures actually originated pari passu. 

We may picture the process ax being somewhat as follows :— 

It ix probable that in simple ancestral organisms the whole body wax 
sensitive to light, but that with the appearance of pigment-cells in certain 
parts of the body, the sensitivencss to light became localised to the areas 
where the pigment-cells were present. Since, however, it was 
that stimuli received by such o should be communicated to other 
parts of the body, some of the epidermic cells in the neighbourhood of the 

‘igment-spots, which were at first only sensitive in the same manner as 
cells of the epidermis, became gradually differentiated into special 
nerve-cells. As to the details of this differentiation embryology does not 
as yet throw any great light; but from the study of comparative anatomy 
are grounds for thinking that it was somewhat as follows :—Cells 

on the surface sent protoplasmic processes of a nervous nature 
been which came into ee mid ee [evga from. — 
placed in other parts of the body. cells with such processes then 
became removed from the surface, teecsting a deeper layer of the epidermis 
below the sensitive cells of the organ of vision. ith the latter cells they 


iti 


‘remained connected by protoplasmic filaments, and thus they came to 
form a thickening of the epidermis underneath the orgun of vision, the 
cells of which received their stimuli from those of the organ of vision, and 
transmitted the stimuli so received to other parts of the body. Such a 
thickening would obvionsly be the rudiment of a central nervous system, and 
is in fact very similar to the rudimentary guuglia of the Acraspeda montioned 
above. It is easy to see by what steps it might become larger and more 
ype and oh gradually travel meteor resiatning connect hat 

he sense-organ at the surface mic filaments, which would then 
constitute nerves, The Seen es would at first merely consist of 
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evils sensitive to and of ganglion-cells connected with them ; while at 
& Inter period structures, constitut wn lens capable of 

an image of external objects upon it, would be devel and so 
the whole structure into a true organ of vision. It hus thus ; 


Tn sea-anemones (Hertwigs, No. 321) there are, for instence, no 
of special sense, and no definite central nervous system. There are, 


ever, scattered throughout the skin, and also Uhroughont the tars A the 
digestive tract, a number of specially veo epithelial cells, which are 
no doubt delicate organs of sense. They are at their free 
Sea peescorases petra iabotie ange nee their inner side into 
fine which penetrate into the deeper part of the epithelial layer 
of hin cto -igetsive oral They eventually join a fine network of 
protoplasmic fibres which forms a layer im- 
mediately within the epithelinm. fibres of this 
network are no doubt essentially nervous Tn addition 


y wt their ae % 20) dhe 
in the Craspedote iusse wigs, No. 
yy differentiation of the nervous system ariel ele 
what further. There is bore © debiaite ‘ouble ring, 
placed at the insertion of the velum, and pain 
Fio. 236, Newno- neni with senssorgans, The two parts of the ring 
FPFTURMAL SENSE belong reapectively to the epithelial Jayers on the 
cena Thro tax nd lower surfaces of the volum, and are not 
Kester; after Schii- fives snd gacglioncale The epitialona steve tae 


sense-cells - 
A still of nervous system has been mot with 
primitive Er fre (Hubrecht, No. 323), consisting of pete 


* Oar 
atid 321), Rimer Sox ‘cats (No, abi eebiter (es 326), and perpen fie id 
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halic ganglia, and two well-devel nglionic cords placed 
ates beneath the epidermis. Mice cords isaee iiateelite giving off definite 
nerves, as in animals with a fully differentiated nervous system, are con- 
nected with a continuous subdermal nervous plexus, 

The features of the embryology and the anatomy of the nervous 
system, to which attention has just been called, point to the following 
general conclusions as to the evolution of the nervous 

(1) The nervous system of the higher Metazoa appears to have 
been evolved in the course of a long series of generations from a 


a 2 


Fro, 287. Isonareb cetes uxLONGINO TO THE UPreR NeRVEKING o” Camsaxixs 
mastara. (After O. mae BR. Hertwig.) 
AL ON jithelinl sense-cell. c. sense-hoir. 
B. Transit cell between m neuro-epithelial cell and a ganglion-cell. 
differentiation of some of the superficial epithelial cells of the body, 
though it is pe that some parts of the at may have been 
ya by a differentiation of the alimentary epithelium. 

(2) _ Anearly feature in the differentiation consisted in the growth 
of a series of delicate processes of the inner ends of certain epithelial 
cells, which became at the same time specially differentiated ax sense- 
cells (figs. 236 and ae 

(3) These we rise to a subepithelial nervous plexus, 
in which ranigllaneel cells, ls, formed from sense-cells which travelled in- 
wards and lost their epithelial character (fig. 237 B), soon formed an 
im, 

(4) Local differentiations of the nervous network, which was no 
doubt distributed over the whole body, took place partly in the 
formation of organs of special sense, and partly in other ways, a 
such differentiations gave rise to a central nervous system, 
central nervous system was at first continuous with the Sicake 
but became separated from it and travelled inwards. 

a) Nerves, such as we find them in the higher types, originated 

differentiations of the nervous network, radiating from 
"ae parts of the central nervous system. 
‘The following ta amongst others are still very obscure :— 
| (1) The ey which the protoplasmic: ees from the primitive 
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rmic cells became united together so as to form a network of nerve 
placing the eis the body in nervous communication. 
ans) The ich nerves became connected with muscles, so 
that a aloe reoaed we a nerve-cell could be communicated to and 
cause a contraction in a muscle. 

It is probable, as stated in the above summary, that the nervous net- 
work took its origin from processes of the sense-cells The processes of 
the different cells probably first met and then fused Mosctad and, 
becoming more arborescent, finally gave rise to a complicated network. 

‘The primitive relations between the nervous network and the muscular 

system are matters ob Brice Heiamay” ‘The primitive muscular cella 
Salat of epithelial with muscular processes (fig. 238), but an 
branches of the nervous network have not 
been traced into connection with the mus- 
cles in any Calenterata except the Cteno- 
pie, In the higher types a continuity 

ween nerves and muscles in the form of 

- = motorial end plates has been widely ob- 
Fro Myo-xrrrmmuan served. Even in the case of the Coelen- 
a or ve (From Geyen- terata it is quite clear from Romanes’ 
baur; after Kleinenberg.) experiments that stimuli received by the 

m. contrnetile fibres; processes nerves are capable of being transmitted to 

Loos the muscles, and that there must 
be some connection between nerves and muscles, How did this connection 
originate 1 

Epithelial cells with muscular processes (fig. a3) were discovered by 
Kleinen! (No. 324) in Hydra before epithelial cells with nervous pro- 
conses were , and Kleinenberg pointed out that Hydra shewed the 
possibility of nervous and muscular tissues existing without a central 
hervons aystem, and suggested that the epithelial part of the myo-epithelial 
cella was a sense-organ, and that the connecting part between this and the 
contractile processes was a rudimentary nerve. He further supposed that 
in the pitebvace evolution of these elements the epithelial part of the cell 
became a ganglion-cell, while the part connecting this with the muscular 
tail became longed so us to form a true nerve. The discovery of neuro 
epithelial cells existing side by side with myo-epithelial cella demonstrates 

isa tics meet ct rte abestdanee, a and that some other explana- 
tion must be given of the continuity between nerves and muscles. pes 
thetical explanation which most obviously suggests itself ix that of 

Tt seems quite Yaa’ that many of the epithelial cells of the epi- 
dermis ce walls of the Risto " Bice pea coals peorviaal ¢ hea 
processes, the protoplasm of wl e that @ Protozoa, carried 
the functions of nervex and muscles at the samo time, and that these 
comes united am themselves into a network, Such cells be 
very similar to Kleinenberg’s neuro-musculur cells By a subsequent dif- 
ferentiation some of the cells forming this network may have become 
specially contractile, the epithelial parts of the cells ceasing to have a 
nervous function, and other cells may bave lost their contractility and 
Lecome solely nervous, In this way we should get neuro-epithelial cells 
and myoepithelial cells both differentiated from the primitive network, 
and the connection between the two would also be exp! 
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‘thesis fits in moreover very well with the condition of the neuro-muscular 
system as we find it in the Cwlenterata, 
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Nervous of the Invertebrata. Our knowledge of the 
development of the central nervous system is still very imperfect in 
the case of many Invertebrate groups, In the Echinodermata aud 
some of the Chwtopoda it is never detached from the epidermis, and 
in such cases its origin is clear without embryological evidence. 

In the majority of groups the central nervous system may be 
reduced to the type of a pair of cephalic ganglia, continued pos- 
teriorly into two cords provided with nerve-cells, which may coalesce 
seaeetlly or be more or less widely separated, and be unsegmented 
or segmented. Various additional visceral ganglia may be added, 
and in different instances re of the system may be much reduced, 
or peculiarly modified. ¢ nervous system of the Platyelminthes 
(when nt), of the Rotifera, Brachiopoda, Polyzoa (?), the Mol- 
lusca, the Chactopoda, the Discophora, the Gephyrea, the Tracheata, 
and the Crustacea, the various small Arthropodan phyla Pealvons: 
Pyenognida, Tardigrada, &e.), the Chatognatha by, and the Myzo- 
stomea, probably belongs to this type. 

The nervous system of the Echinodermata cannot be reduced to 
this form; nor in the present state of our knowledge can that of the 
Nematelminthes or Enteropneusta. 

It is only in the case of members of the former set of groups that 
any adequate observations have yet been made on the development 
of the nervous system, and even in the case of these groups observa- 
tions which have any claim to completeness are con! to certain 
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members of the Sheet dete the Arthropoda and the Mollusca, An 
account of im observations on other forms, where such have 
been made, will be found in the systematic part of this work, 

Ch: We are indebted to Kleinenberg (No. 329) for the 
most detailed account which we have of the development of the 
pare nervous system in heh reli s d 

1 su racesophageal ion with the esophageal commissure: 

ae ndently of the ventral cord. It arises as an unpaired 
thickening of the epiblast, close to the dorsal side of the at 
the front end of the head (fig. 239), which becomes from 
the epiblast, and extends obliquely back- 
wards and downwanls in a somewhat 
arched form ; its lower extremities being 
somewhat swollen, The inner portion 
of this curved rudiment becomes con- 
verted into commisural nerve-fibres, 
while the cells of the outer and upper 
portion assume the characters of gan-~ 

Fio, 289, Seerwx sxnovox glion-cells. The commissural fibres are 
‘THE IxAp OF A TouNe xxERY oF Continued downwards to meet the ven- 
tral cord, but their junction with the 
latter structure is not effected till late 
in embryonic life. 
+. dexophagus. The ventral cord is formed hy the 

coalescence of a pair of linear cords, 
the development of which takes place from before backwards, so that 
when their anterior part ix well developed their posterior part is 
hardly differentiated. These cords arise, one on cach side of a 
ventral ciliated furrow, first as a single row of epiblast cells, and 
subsequently as several rows (fig. 240, Fa). While still united to the 
external epiblast, they extend them~ 
selves below the cells lining the ventral 
furrow, and unite into a single nervous 
band, which however exhibits its 
double origin by its bilobed section. 
Before the two cords unite, the groove 
betweenthem becomes somewhatdeep, 
but subsequently shallows out and 

Fro. 240. Srerox rmovon rane disappears, The nervous band, before 
OF THE VENTRAL WALL OF THE THUNK separating from the epiblast, exhibits, 

mesoblastic 








— Se az) it correspondence with the 


tudinal segments, alternate swellings aud con~ 

tate on pueliithor: strictions. The former ‘ating the 
pecreceedt ne reteavansl) Benes, aid the Infor: Use Spans 
As soon as the cord becomes free from the epiblast, it becomes 
surrounded by a sheath, formed of somatic mesoblast. In each of the 
ganglionic enlargements there next appears on the dorsal surface a 
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Pale of areas of punctiform material, the substance of which soon 
ifferentiates itself into nerve-fibres, These areas, by uniting from 
side to side, give rise to the transverse commissures, and also by a 
linear coalescence to the longitudinal commissures of the cord. The 
cellular parts of the band surrounding them become converted into a 


Sarees gengibes tae ole o 

eacl ion the this ganglionic investment penetrate 
48 @ median septum into the cord. A fissure is next formed. dividin 
this septum into two; it is subsequently continued for the whole length 


of the cord. 
Tn the Tracheata and the Crustacea the develup- 
ment of the ventral cord is in the main similar to that in the 
, while that of the supracesophageal ganglia is as a rule 
somew! more complicated, 
No such clear evidence of an 
independent development of 
these two parts, as in the case 
of the Chatopods, has as yet. 
luce, 
‘The most primitive type of ™ 
sm 






nervous system amongst the 
Tracheata is that of Peripatus, 
where it consists of large supra- 
eepbageal lia, continuous 
with a pair of widely separated 
but ety ctor ae united 
rly above the anus, yp, 

These cords have an invest oy ax vunnto oF Fusuison Toe enlnn 
one of Biaw-colls for their ne lie dy ee was some: 
wi and are imper- 3 . 
feetly divided into gunglia cor- yyo%ifnt we madian seston body cents 
Perending in number with the fc, lateral section of Sear aviyy vate ventral 


feet. nerve cord; me, mesentero: 
The reste ruarstonicll (Bg. 241, 6) re 
as two separate epiblastic ri , 241, vn), continued in front 
into a pall of thickenings of Tee shalic lobes, which are at first 
independent of each other, and from which a large part of the supra- 
ganglia takes its origin. After the latter have become 


from the epiblast an invagination of the epiblast covering 
them grows into each lobe (fig. 242), and becoming constricted from 
the superficial epiblast, which remains as the epidermis, forms a not: 
unimportant part of the permanent su} pace! ganglia, 

In the Arachnida the mode of development of the nervous system 
is essentially the same, and the reader will find a detailed account of it 
for Spiders in Vol 1. pp. 370—373. The ventral cords are here formed 
as i ndent and at first widely separated strands (fig. 243, en), 
which a long time remain far apart; they are ieee 
divided into ganglia and become united by transverse commissures, 
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‘The suprawsophageal ganglia are formed as two independent 
thickenings of the 


lined by the sw epi- 
blast, which becomes detached 
from the skin, and is involuted 


to form part of the 
A similar perio oe 
tion of both the ventral cords 
and the supi gan- 
Fio. 242. Heap or ax xaunyo Penrraros, glia obtains in Insects 
(From Moseley.) 245). The ventral cords are 


The figure shews tho jaws (mandibles), and 
diode $0" lpn epblontin Tavolsicun, piteh ee match i waaay 
grow into the suprausophages! gangha. The S¢parated than in Spiders, a 
antenna, oral cavity, and oral papillw are also early unite in the median line. 


In the supracesop! 
glia the inv: reat op ilast 
has in Lepidoptera (Hatschek) the form of a pit on the dorsal ler 
of the antenniw, 

Hatechek states that there takes place an invagination of a median 
part of the skin between the two ventral cords, for the details of which I 
must refer the reader to Vol. 1. p. 340. He has made more or less similar 


statements for the earthworm, but his observations in both instances are 
wpen to serious doubt. 





od 





Pio, 243, Thaxevnua xnction Tuxevow THe VENTRAL rLate oF AORLENA LABYRINTHICA. 
‘The ventral cords have begun to be formed as thickenings of the epiblast, and the 
limbs are established 
mes. mesoblaatic somite; ew. ventral nerve-conl; yk. yolk, 


Full details as to the development of the nervous system in the 
Crustacea are still wanting; a Thisly complete account of what is 
known on the subject is given in Vol. t. pp. 433—4. It appears that 
the ventral cord may either arise as an unpaired thickening of the 
epiblast (Tsopoda), marked however by a shallow median furrow, or 
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from two cords which eventually coalesce’. It is not certain how far the 
Supracsophageal ganglia are usually in the first instance continuous 


ae 
8 tl 
\ 1 


Pio. 244. Sxcriox Timovoem Tim PHOCKPHALIC LONMS OF AX KamHRYO OF 
Aomnexa Lanrnintitca, 


at. stomadenm; gr. section through semi-cirenlar groove in procephalic lobe; 
ce.1. cophialic section of body cavity. 


with the-ventral cord. In Astacus, the early sagt of which have 
been elaborately investigated by Reichenbach (No. 331), they are 
stated to be s0; the suprawsophageal ganglia are moreover de- 
scribed by this author as having a somewhat complicated origin. 
Five clements enter into their composition. ‘There is first formed 
pair of pits on the procephalie lobes, which become very deep 


A me 





Pio. 245. Two Traxsvensr axcrions Tunovon THR EMBRYO OF Hypnorution. 
(After Kowalevsky.) 

A, Transverse section through an embryo in the region of one of the stigmata. 

B. Transverse section thro an older embryo. 


vn. ventral nerve-cord; am, amnion and serous membrane; me. mosoblast; me.s. 
somatic mesoblast; jy. hypoblast (?); yk. yolk-cells (trac hypoblast); et. stigma of 


* Relchoubach (No. 331) holds that tho walls of the groove between the two strands 
of the ventral cards become invaginated and assist in the formation of tho ventral cord. 
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cords eat tonibsl Pithe walls of the pits 
a cart of the embryonic ganglia which gives rise to the retina as 
well as to the optic ganglia, a ilgan Rae the remainder of the 
ganglia and the esophageal commissures; while the fifth element 
supplied by a median invagination in front of the mouth, 
appears at a much later date than the other parts, 

ie of he phalic lobes, ai Geatiea be: 
as thickenings procephalic lo! whi eventually 
detached from the epidermis. 

‘The ventral cord is at first unsegmented, but soon becomes 
are by a Goret of Rigo eed ie : Zarabee ot lin, cor- 
responding with the segments. ie development ¢ commissu~ 

Chietopoda. 


~ ral and ganglionic portions takes place much as in the 


The Gephyrea approach closely the types so far dealt with, but the 
ventral cord is the Inermia is formed as an unpaired thickening of the 
epiblast, In Eehiarus, as has been shown by Hatachek in an intereting 
paper on the larva of this species, published since the appearance of the 
first volume, there is a pair of ventral cords’. In with » 
segmentation of the body, which is subsequent); these cords 
segmented, The two cords unite in the median and Hy 

in necordance with his general rian on thi sales ales oe as 
is effected by means of a median cord of invaginated epiblast. ‘og: 
mentation of the cords subsequently Dishes Lise The 

Jia arise as an unpaired median thickening of the 

lo traces of tation in the ventral have been 

Spengel in Bonelli Gil hie’ eapraneciigen) pantie a Aine 
genus as an unpaired band. 

In all the groups above considered the nervous system clearly 

mts the ae ie of development with various Taisen 

It is formed of two parts, viz. (1) the supramsophageal ganglia, 
tgs eg ples Sot Chactopoda and Geph: the supramsopha- 

In the simp! and Gephyrea, the su 
geal ganglia are usually stated to be formed as an unpaired thickening 
at the aj a5 A lobe, which in most cases becomes subse- 
quently bil 

In the Arthropoda the unpaired lobe of the Chawxtopoda is 
replaced by the so-called procephalic lobes, which are themselves 
bilobed ; and the supraxsophageal ganglia are formed of two in- 
dependent halves; further complications in development are also 
generally found. c 

There is not as yet sufficient ave ie decide whether the 
suprasophageal ganglia were primitivel veloped continuously 
with, or qhdemendentit of the vertinl conte, 

The ventral cord appears in the embryo as two independent un- 


1 “Ueber Entwicklangsgeschichte d. Eehiurus.” Arbeit. a. d, 200l. Inatit. Wien, 
Vol, mi. 1880, 
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segmented strands, although in a few cases (some Crustacea and 
Gephyrea) these cords, by an abbreviation in development, arise as an 
unpaired median thickening of the epiblast. 

‘The form of nervous system of the Chatopoda, Arthropoda, and 
Gephyrea is clearly therefore to be derived, as was first ported out 
Ba Goes bent, from a more or less similar type to that now found in 

Nemertines; and as suggested in the chapter on larval forms 
(vide p. 312) may perbaps be derived from the elongation of a cir- 
cular ring, of which the anterior end has become developed into 
the suprawsophageal ganglia, the lateral parts into the two lateral 
strands, while the posterior part persists in some forms in the junction 
of the ventral aac the anus (Enopla and Peripatus). 

Mollusca. While study of the anatomy of the nervous system of the 
Mollusca, especially of certain primitive genera (Chiton, Haliotis, Fisvurella, 

_ de.) leaves little doubt that it is formed on the same type as that of the 
Eup just spoken of, the development, so far as our imperfect knowledge 
normal ' 
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us to make definite statements on the subject, is somewhat ab- 

In the Gasteropoda and Ptero, the supramsophageal lin 
most probably to be developed ee as Paeed thickenings ot the erltlvet 
of the velar area, or as invayinated pits of the velar area, which become 
detached from the surface, and then become solid (Hyaleacea and L’ max), 
In either case the suprawrophageal ganglia appear to be developed quite 
independently of the pedal ganglia. The latter, as might be anticipated, 
ave earlier in their development and more constant than the various visceral 

lin; and, if the views above expressed are correct, are homologous 
with the ventral cord of the Chwtopods and Arthropods, Their actual 
development is very imperfectly known. 

The most precise statements on the subject, viz. those of Bobretzky aud 
Fol, would lead us to suppose that they arise in the mesoblast, bat it seems 
pata probable that they are formed as thickenings of the sides of the 
foot. 

Ta the Cephalopods all the ganglia are stated to be differentiated in the 
mesoblast (Lankester, Bobretzky). 

Hatschek* has recently given a detailed description of the development 
of the supracsophageal cdg pedal gunglia of Teredo, He finds that the 
former ganglia arise a8 an unpaired thickening of the epiblast in the centre 
of the velar area, and the latter as an unpaired thickening of the epiblast 
of the ventral side of the body between the mouth and the snus, The 
2 ae would thus seem to be disconnected with each other in their 

ment, 


(377) P.M. Balfour, “Notes on the developmentof the Araneina.” Quart. J.of 
Vol. xx, 1880. 


Micr. 
( , Bs Hatachiek. “Beitr. z. Entwicklung d. Lepidopteren." Jennische Zeit- 
= i 
> 329) N. Kleinenberg. ‘The development of the Earthworm, Lumbricus Tiape- 
zoids’ Quart, oI, of Mier, Science, Vol. xtx, 1879. 
1 Vide Vol. t.. pp. 226, 


}, 227. 
Weber Entwicklungsgeschichte von Yeredo.”” Arbeit. a. d. zool. Inatit. Wien, 
Vol, us. 1880. " 
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(330) A. Kowalevsky. “Em Studien ‘Wirmerm u. Arthro- 

poden.”” Mém, “tea. Peter I vu, Vol. xv, 1871. Sy . 
(331), H, Reichenbach, “Die Embryonalanlage uo, erie Entwick. d. Plas 

krebses,”” Zeit. f. wise, Zool., Vol. xxix, 1877. ° 
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wiatinry pints kas sitaty bees ironed ws length Op 0a 
mm te treated at 

Before eleatig into the consideration of the ical value of 
the various parts of this cord, it will be convenient to describe the 
more important features of its ontogeny. For this purpose the two 
parts into which the nervous axis becomes at an early period divided, 
viz, the spinal cord and the brain, may be dealt with separately. 

The Spinal Cord, shortly after the closure of the medullary canal, 
has, in all the true Vertebrata, the form of an oval tube; the walls of 
which are of a fairly uniform thickness, and are composed of several rows 
of elongated cells. “This cord, as development. usually becomes: 
vertically prolonged in transverse section, and the central canal which 
it contains also becomes vertically elongated. The variations in shape 
of the spinal canal are very great at different periods and in different 
parts of the body, and an attempt to chronicle them would ip 
the nt state of our knowl ., to be quite valueless*, Fe. 17, 
in which the spinal cord of the chick of the third day is shewn in 
transverse section, illustrates the character of the cord at the sage joa 
described. Up to this time the walls of the spinal canal have ex! 
an uniform structure, A series of changes now however takes 
which results in the differentiation (1) of the epithelium of the 
canal, (2) of the grey matter of the cord, and (3) of the external 
coating of white matter. 

The relative time at which each of these parts becomes developed 
is not constant in the different forms. 

The white matter is apparently the result of a differentiation of 
the outermost parts of the superficial cells of the cord into longitudinal 
nerve-fibres, which remain for a long period without a 
sheath, These fibres appear in transverse sections as small dots. The 
white matter forms a tran! nt investment of the grey matter and 
would seem to contain neither nuclei nor cells’. The white matter 
may from the first form only two masses, one on each side, forming 


1 Por the t of the central pervous aystem in Amphioxns and the Tunicata 

is to the chapters dealing with thoee two groups. 

Al AS By atte Sak 28a ently Hage ct Gaerne ee 
always be ‘in any seotion of the central ennal, viz, (1) & narrow 
slit, (2) & median enlargement, and (3) a dorsal slit. Sach a form can no doubt often 
rn galas debit coeahinesss-Asdasee rhea bein ig Apso = 

it. 


¥ This holds true at first for Blasmobranchii, but at « Inter stage there are present 
humerons nerve cells in the white matter, so that tbe distinction between the white 
‘and grey matter becomes mneh lees marked than in higher typex; in this respect Elas- 
mobranchil present an approximation to Amphioxus. 
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a layer on the ventral and lateral parts of the spinal cord but not 
extending to the dorsal surface (Elasmobranchii, tig. 185, W); or it 
imay form four patches, viz, an anterior and a posterior white column 
on each side, which lie on a level with the origin of the anterior and 
posterior nerve-roots (the Fowl, Human embryo, etc.). In whichever 
of these forms the white matter appears, it is always, at first, a layer of 
extreme tenuity, which rapidly increases in thickness in the subse- 
Re euee and extends so as gradually to cover the whole cord 

‘The anterior white commissure is formed very shortly after the first 
appearance of the white matter. The grey matter and the central 

thelium are formed by a differentiation of the main mass of the 
spinal cord, The outer cells lose their epithelial-like arrangement, 
and, becoming prolonged into fibres, give rise to the grey matter, 
while the innermost cells retain their primitive eae and 
constitute the epithelium of the canal. The process of formation of 
the grey matter would appear to from without inwards, so 
that some of the cells, which have, on the formation of the grey matter, 
an epithelial-like arrangement, subsequently become converted into 
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Jayer of the epiblast. 

The grey matter soon 
becomes prolonged dorsally 
and ventrally into the pos-  ¢4 
ye 

ts may i 
traced in Kay cated — 
a) round the anterior end 
the spinal canal, imme- 
diately outside its epithe- 
lium and so to the grey 
matter on the o ite side, 
forming in this way an 


commissure, 


—- 


th which a decussa- 

tion of the fibres from the 

osite sides is effected: 

(2) dorsalwards along the 

outside of the lateral walls 
of the canal, 

There is at this period 

no trace of the ventral or 

: I fissure, and the shape 


a 





eK. 


acw 

Fro. 246, Skerrox THnovol THE srOvAL conD 
ov 4 shVEN nays’ CHICK, 

pew. dorsal white column; lev, lateral white 
column; acw. ventral white column; ¢. dorsal 
tigsue filling up the part whore the dorsal fissure 
will be formed ; pe. dorsal grey cornu; ae. anterior 
grey cornu; ¢p. epithelin! cells; age. anterior com- 
mismure; pf. dorsal part of spinal canal; spe, 
ventral part of spinal canal; af. anterior fissue, 
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oa 
of the central canal is uot very different to what it was at r 

iod. ‘This condition of the spinal cord is especially c 
as it is very nearly that which is permanent in pe ree sit - 

‘The next event of importance is the formation of the r 
anterior fissure. This owes its origin to a of the anterior 
horns of the cord on each side of the middle line, The two down~ 

ths enclose between them a somewhat linear space—the 
which increases in Sarena A Bitese a aaa 246 

‘The dorsal or posterior fissure is formed at a ane ; 
anterior, and accompanies the atrophy of the dorsal section of the 
embryonically canal of the spinal cord. F 
‘The exact mode of its formation appears to me to be still involved 
in some obscurity. 

In the Elements of Embryology the development of the posterior fissure 
was described in the following way : 

“On the seventh day the most important event is the formation of the 
posterior fissure. 

“This is brought about by the absorption of the roof of the posterior of 
the two parts into which the neural canal has become divided. 

“ Between the posterior horns of’ the cord, the epithelium forming the 
roof of the, so to speak, posterior canal is along the middle line covered 
neither by nor by hits matter, and on the seventh is partially 
absorbed, ines transforming the canal into a wed 
mouth however is seen in section to be partially closed by a triangular 
clamp of elongated cells hg 38: Below this mass of cells the fissure 
is open, It is the ‘true spinal canal’ by a very narrow 
space along which the side walls have coalesced, In the lumbar and 

fons the two still communicate. 

ie peptone ds sete akous tt opal a we shee tay See 
anterior a! i res spinal cord ure, ically 
ing, entirely different. The aabeick Rowre hate) ee left between 
two lateral downward growths of the cord, while the posterior fimmre is 
part of the original neural caal separated from the rest of the cavity 
aiok ote fo ere: teal Scamsapdel canal) by a median coulescence of the: 
wide i 

1 confess that I have some doubts as to the complete accuracy of the 
above statement, 

Kiilliker gives a full account of the gradual atrophy of the oentral 
canal; but I do not fully understand his statements with reference to the 
formation of the rior fissure, which in fact appears to be only inci~ 
dentally mentioned. It would seem from his account that « shallow and 
somewhat wide dorsal fesite is Lohan mans with, in os homan beri 

two projections of white is On the w 
pl et on Beal oscriogt narrowed, but Kélliker not 
definitely state how it becomes deepened so as to give rise to the permanent 
dorsal fissure. 


Tt seems to me probable, though further investigations on the 


point are still required, that the dorsal fissure is a direct result of the 
atrophy of the dorsal part of the central canal of the spinal cord, 
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The walls of the canal coalesce dorsally, and the coalescence 
gradually extends ventralwards, so as finally to reduce the central 
canal to a minute tube, formed of the ventral part of the original 
eanal. The epithelial wall formed by the esced walls on the 
dorsal side of the eanal is gradually absorbed, 

‘The epithelium of the central canal, at the period when its atrophy 
commences, is not covered dorsal!y either by prey or white matter, so 
that, with the gradual reduction of the dorsal part of the canal, and 
the absorption of the epithelial wall formed by the fusion of its two 
sides, a fissure between the two halves of the spinal cord becomes 
formed. This fissure is the posterior or dorsal fissure. Tn the process 
of its formation the white matter of the dorsal horns becomes pro- 
longed so as to line its walls; and shortly after its formation the 
dorsal rey commissure makes its ap) mice, Which is not impro- 
Hols lerived from part of the epithelium of the original central 


Development of’ the Brain. 


‘The brain is formed from the anterior portion of the medull 
plate. When the medullary plate first becomes differentiated it is 
not possible to distinguish between the region of the brain and that 
of the spinal cord, The brain region is however usually very ealy in- 
dicated by a widening of the medullary plate, but does not become 
sharply marked off from the region of the spinal cord. In many 
Tebthyopsida (Elasmobranchii (fig. 28, C) and Amphibia (fig. 77, A)) 
the anterior dilatation gives to the medullary plate, before its sides 
meet to form a canal, a spatula-like form; which is either not present 
or less marked in Reptilia, Aves and Mammalia. 

The length of the brain as com to the spinal cord is always 
very great in the embryo, and in the earliest developmental periods 
the di ‘ion in the size of the brain is specially marked, owing 
to the full number of the somites of the trunk not having been 
formed. In Elasmobranchii the brain is about one-third of the 
whole length of the embryo at the stage immediately following the 
closure of the medullary canal, 

The first differentiation of the brain into distinct parts is a very 
early occurrence, and may take place before (Mammalia) or durin; 
the closure of the medullary folds. The brain first becomes divided 
into two successive lobes or vesicles by a single transverse constric~ 
tion, and subsequently the posterior of these again becomes divided 
into two, so that three lobes are formed—known as the fure- the 
mid- and the hind-brain; of these the hind-brain is usually the 
longest, Tn some instances a bilobed stage can hardly be neciguised. 
This Bare division of the brain is shewn in many of the figures 
already given. The reader may perhaps best refer tof 108, On the 
closure of the medullary groove the lumen of the med allay canal is 
continued uninterruptedly through the brain, but dilates considerably 
in each of the cerebral vesicles, 
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THE BRALN. 


and the parts 

ic lobes (corpora bigemina or uadrigemina in Mammalia) 
sad maaebe: whl Realactia ee see converted into 
the cerebellum and medulla oblongata. 

Before describing in detail the changes Wey the Miner 
vesicles of the brain become converted into the above parts, it wi 
te ma usc to say a few words about the general development of 

é brain, 
The most striking peculiarity with reference to the 
t of the brain is a curvature which in its axis, 
known as the cranial flexure. The flexure takes place through the 
mid-brain, and canses the fore-brain to be gradually bent downwards 
so that the axis of its floor forms, first, a right angle with that of the 
hinder part of the brain, and subsequently, as a rule, an acute angle. 

During these changes the brain, in most Amniota at any rate, 
becomes in the first instance retort-shaped, the cerebral vesicle form- 

the swollen part of the retort, but subsequently the 
is lost owing to the great development of the vesicle of the mid- 
brain, which forms the termination of the long axis of the embryo. 
Figs. 29, 76, and 118, are tative figures of embryos of various 
vertebrate forms at sera hen the mid-brain forms the termina~ 
tion of the long axis of the body. 

It is generally stated that the cranial flexure is at its maximum 
at the ited in these figures, and there can be no doubt 
that viewed from the exterior the cranial flexure ceases to be so 

marked a feature, and finally disa 
as the embryo gradually grows older; but 
though the mid-brain ceases to form the 
-s termination of the long axis of the em- 
bryo, the flexure of the brain becomes 
in many forms absolutely more marked; 
while in other forms, though stated to 
diminish, it does not entirely vanish. 
The general nature of the chan; 
which take place will perhaps best 
understood by a comparison of figs. 247 
and 248 representing longitudinal sec- 


wh 





9 
taal 
an 


Pio, 247. Loxorreptxan anc 
‘TiOX THNOVoH THN mhAIN OF 4 
xouxa Pastivavs munnyo, 


; younger stage, 


tions at two stages through the brain 
of an embryo Elasmobranch, ‘The actual 
cranial flexure, i.e. flexure of the floor of 
the brain, is obviously greater in the 
older of the two brains, though viewed 
from the exterior the axis of this brain 
appears to be quite straight. In the 

fig. 247, the mid-brain 
(mb) forms the end of the long axis of 
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the body, while a the older mois A cerebral hemispheres (cer) have 
grown very great! i for- 
wards and picteal asda They, have 
thus come to lie in front of the mid- 
brain, and to form the end of the 
long axis of the body, and have at 
se piccenaniawedtie origi- 
oes lamencephal inst 
the mid-brain. The same general 
features may He ne te 50 ie 

presenting a longitudinal section 
a of an aly eh ey 

representing a longitudin: 

section of the brain ef a ances 





The iofundibulum or perhaj 
rather the point of origin of the 
optic nerves is to be regarded as 

anterior termination of the axis 
of the base of the brain, 

‘The cranial fexure is least marked 
in Cyclostomata (fig, 253), Teleostei, 
Ganoidei, and Amphibia, while it is 
Yery pronounced in Elasmobranchii, 


Fro. 248. Losorrepran snorrox 
THROUGH THE mars oy ScynnruM cA- 
NICULA AT AN ADVANCKD STAGE OY DX 
VELOPMENT. 


‘neal gland ; op.th, optic thalamus, con- 
faroted with its MS i 


. t 
it is seen « fold of the roof of the fore- 
brain, which is connected with the cho- 
roid plexus of the third ventricle; op, 
optic chiasma; pt, pituitary body; in. 








RK Aves, and Mammalia. In 

as and still pee in Cyclosto- 
mata, it permanently remains slight, 
‘owing to the staull development of the 
cerebral hemispheres, 

Tn addition to the cranial flexures, two other flexures make their 
appearance in the base of the brain. A posterior at the junction of the 
brain and spinal cord, and an anterior ut the boundary between the 
cerebellum and medulla oblongata, just at the point where the pons Varolii 
is formed in Mammalia. The anterior of these is the most marked and 
constant ; it is shewn in fig. 250, It arises considerably later than the main 
ersnial flexure, and since it ix turned the opposite way it assists to a con- 
siderable extent in causing the apparent straightening of the cranial axis. 


pieeasts ce The walls of the brain are at first very 
thin and, like those of the spinal cord, are formed of a number of 
Fanges of spindle-shaped cells, The processes of each of these cells 
are stated to be continued through the whole thickness of the wall, 
Tn the floor of the hind- and mid-brain a superficial layer of delicate 
nerve-fibres is formed at an early period. This layer appears in 
the first instance on the floor and sides of the bind-brain, and very 
slightly, if at all, later on the floor and the sides of the mid-brain, 
‘The cells internal to the nerve-fibres become differentiated into an 


infundibulum; ‘cb, cerebellum; awe. 
paainge leading from the auditory vesi- 
cle to the exterior; mel. medulla ob- 


longata; C.én, internal carotid artery. 


4 It fs not within the scope of this work to give an account of the histogenesis of the 
Vrnin; in the statement in the text only u few points, of some morphological import- 
ance, are touched on. 
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innermost epithelial layer lining the cavities of the ventricles, and an 

outer layer of grey matter. » 
The similarity of the primitive arrangement and 

character of the parts of the brain bebind the cerebral hemi 

Se ee este yeaa] cad is very cusctuei¥ely ign ee 


the white matter does not eventually extend to the roof owing to 
the iar degeneration which that part und 

the case of the fore-brain the earliest histological changes, 
except possibly in Mammals, take place on the same general plan as 
those of the remainder of the ceutral nervous system’; but though 
the general plan is the same, yet the early histological distinction 
between the fore-brain, and the mid- and hind-brain is wore marked 
than the distinction between the latter and the fink cord. 

On the floor and sides of the thalamencephalon, and 

the whole of the hemispheres of the lower types, there is , 
somewhat later than in the remainder of the brain, a delicate 
layer of white matter. The inner part of the wall, which still remains 
comparatively thin, is not at first clearly divided into an epithelial 
and nervous layer. This distinction soon however becomes more or 
Jess apparent, though it is not so marked as in most other parts of 
the brain; and EM Tor that in the subsequent growth the greater 
part of the original epithelial layer becomes converted into nervous 
tissu: 


2, 
In Mammals the same ea of differentiation would seem to 
be followed, though somewhat less obviously than in the lower 
types. The walls of the hemispheres become first divided (Kélliker) 
into superficial thinner layer of rounded elements, and a 

and thicker epithelial layer, and between these the fibres of the erura 
cerebri soon interpose themselves, At a slightly later period a thin 
superficial layer of white matter, homologous with that of the re~ 
mainder of the brain, becomes established. 

The See together with the fibres from the crura cerebri, 
gives rise to the major part of the white matter of the hemispheres 
and to the epithelium faing the lateral ventricles, 

The outer layer of rounded cells becomes divided into (1) a 
superficial part with comparatively few cells, which, together with 
its coating of white matter, forms the cortical part of the grey matter, 
and (2) a deeper layer with numerous cells which forms the main mass 
of the grey matter of the hemispheres. 

athe svaiopient of the several parts of the brain will now be 


The hind-brain. ‘The hind-brain is at first an elongated, funnel- 


z 1 I have worked out these ebangea in Elasmobranchii, Amphibia (Salamandra) and 
en, 
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shaped tube the walls of which are of a nearly uniform thickness, 
though the roof and floor are somewhat thinner than the sides, It 
forms a direct continuation of the spinal cord, into which it 
without any sharp line of demarcation, The ventricle it contains is 
known as the fourth ventricle, 

The sides beovne in the chick marked by a series of transverse 
constrictions, dividing it into lobes, which are somewhat indefinite in 
number, The first of these remains permanent, and its roof gives rise 
to the cerebellum. It ix uncertain whether the other constrictions have 
any morphological significance. More or less similar constrictions are 
present in Teleostei. In Elasmobranchii the medulla presents on its 
inner face at a late period a series of lobes corresponding with the roots 
of the vagus and glossopharyngeal nerves, and it is possible that the 
earlier constrictions may potentially correspond to so many nerve-roots. 

Throughout the Vertebrata an anterior lobe of the hind-brain 
becomes very early marked off, so that the primitive hind-brain 
becomes divided into two agin which may be conveniently spoken 
of as the cerebellum (figs. 247 and 248, cb) and medulla oblongata, 
The floor of these regions is quite continuous and is also prolonged 
without any break into the floor of the mid-brain. 





Fro. M9. Secrtox ranovou tu wxp-prux or A CHICK AT THE END OF THR 
(y OF INCURATION, 


The posterior section of the hind-brain, which forms the medulla, 
Biarstes chanacs of a somewhat complicated character. In the first 
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place its roof becomes in front very much extended and thinned out. 
‘At the raphe, where the two lateral halves of the brain originally 
eae aiperaict se it were, Setee Plate a ee ee 
rain become pushed apart, remaining uni a thin 
layer of nervous matter, consisting of a single row of Tatanet cells 
(fig. 249). As a result of this peculiar growth in the brain, the roots 
of the nerves of the two sides, which were originally in contact at the 
dorsal summit of the brain, become carried away from one another, 
and aj to arise at the sides of the brain. 
thin roof of the fourth ventricle is triangular, or, in Mammalia, 
Seely imental in shape. The apex of the triangle is directed 
Wi 


known as the tela vasculosa, or choroid plexus of the fourt! 
ventricle (fig. 250, chd 4), The floor of the whole hind-brain becomes 
thickened, and there very soon apy on its outer surface a layer of 
non-medullated nerve-fibres, similar to those which first appear on 
the spinal cord. They are continuous with a similar layer of fibres 
on the floor of the mid-brain, where they constitute the crura i, 
On the ventral floor of the medulla is a shallow continuation of the 
anterior fissure of the spinal cord. 


Tn Elasmobranchii and many Teleostei the restiform tracts are well 
developed, and are anteriorly continued into the cerebellum, of which 
they form the ree ame their cheba De ee they 
form prominent bodies, which are regarded lucho- as repre~ 
sausage true cerebellum of Heeb J 

Tn Elasmobranchii a dorsal pair of ridges projects into the cavity of the 
fourth apes corresponding apparently with the fasciculi teretes of the 
Mammalia. 

Tn Mammalia there develop, subsequently to the it fibres 
already spoken of, first the olivary tale of the ventral Perper im 
and at a still later period the pyramida The fasciouli teretes in the cavity 
of the fourth ventricle are developed shortly before the pyramids, 


When the hind-brain becomes divided into two regions the roof 
of the anterior part does not become thinned out like that of the 
posterior, but on the contrary, becomes somewhat thickened and forms 
a band-like structure roofing over the anterior part of the fourth 
ventricle (fig. 247 and fig. 355, ob). 

This is a rudiment of the cerebellum, and in all Craniate Ver- 
Sim Tn Cyclosionsin Aavphibia and muoy Reptile tie Sea 
size. ja and man; ia 
is Bowe ee Lt nea po on the other hand, o cerebellum 
assumes in course elopment a egy and greater pro- 
minence (fig. 248, cb), and eventually overlaps both the optic lobes 
in front and the medulla behind. In the later embryonic stages it 
exhibits in surface-views the appearance of a median constriction, and 
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the portion of the ventricle contained in it is prolonged into two 
lateral outgrowths. 


Miklucho-Maclay, from his observations on the brains of adult Elasmo- 
branchii, was led to regard what is here called the cerebellum as identical 
with the mid-brain, and the true mid-brain as part of the thalamencephaton. 
Miklucho-Maclay was no doubt misled by the large size of the cerebellum, 
‘but, as we have seen, this body does not begin to be conspicuous till late in 
embryonic life. 

¢ mid-brain and thalamencephalon (necording to the ordinary inter- 
pretations) have in the embryo of Elasmobranchs exactly the same relations 
as in the embryos of other Vertebrates; so that the embryological evidence 
appears to me to be conclusive against Miklucho-Maclay's view. 


Tn Birds the cerebellum attains a very considerable development 
(fig. 250, cb), consisting of a folded central lobe with an arbor vita, 
into which the fourth ventricle is prolonged. There are two small 
lateral lobes, apparently equivalent to the flocculi. Anteriorly the 
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Fro. 260. Loxoirvprxat sncriox Tinovom THe nnaix oy 4 CHICK OF TRN DAYA, 
(After Mikalkovics,) 


Jems, corebral hemispheres; alf. olfactory lobe; aif. olfactory nerve: gyt. corpus 
striatum; oma. anterior commissure; chd3. choroid. plexus of the third ventricle; 
Bin. pineal gland; cmp. posterior commissure: trm, lamina terminalis; chm, optic 
chiasma; inf. infundibulum; hph. pituitary body; bam. commissnre of Sylvius (roof 
of iter a tertio ad quartam ventriculum); cma. velum medullm anterius (valve of 
Vieussens); edt. cerebellum; chd 4, choroid plexus of the fourth ventricle; obt 4, roof 
of fourth ventricle; obf. medulla oblongata; pus. commissaral part of medulla; inv, 


cerebellum is connected with the roof of the mid-brain by a delicate 
membrane, the velum medulle anterius, or valve of Vieussens (fig. 
250, vma). The pons Varolii of Mammalia is represented by a small 
number of transverse fibres on the floor of the hind-brain immediately 
below the cerebellum. 

Tn Mammalia the cerebellum attains a still greater development. 
The median lobe or vermiform process is first developed. In the 
higher Mammalia the lateral parts forming the hemispheres of the 
cerebellum become formed as swellings at the sides at a considerably 
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Iter pero an are har developed in the Monotremata and a 


The cerebellum is connected with the roof of the suid rain to front a 

Tees ened pleas ht the Sanh ealals ee mem 

branoux structures, known as the velum medulle anterias (valve of 
‘Vienssens) and the velum medullse posterius> 

‘The pons Varolii is formed on the ventral side of the floor of the 
cerebellar region as a bundle of transverse fibres at about the same time ns 
the olivary bodies. 

The mid-brain. The changes undergone by the mid-brain are 
simpler than those of any other part of the brain. We have already 
seen that the mid-brain, on the appearance of the cranial flexure, 
forms an wn, vesicle with a vaulted roof and curved floor, at 
the front end of the long axis of the body (fig. 118, MB). Tt is at 
this period in most Vertebrates relatively much larger than in the 
adult; and it is ovly in the Teleostei that it more or less retains in 
the adult its emb pela iets 

The cavity of tly reduced in size in the higher 
forms, is known as the iter a tertio ad quartum ventriculum, or aque~ 
ductus Sylvii. 

The roof of the mid-brain is sl ly constricted off from the 
divisions of the brain in front of and behind it, but these constrictions 
do not extend to the floor, 

In some Mipinct ned sata of the mid-brain is stated to 
under badly on wy fartliee dos it. In the Axolotl it remains 

ing. t0 asa simple ae with nearly uniformly thick 
walls, In the majority of forms it undergoes, however, a more com- 
plicated development. 

Tn Elasmobranchs the sides become thickened to form the optic lobes, 
which are soon separated by a median longitudinal groove, The floor be- 
comes thickened to form the crura cerebri. The primitive simple median 
cavity becomes aaa cis divided into a median portion below, and two 
iateral diverticula in the optic lobes. 

In Teleastei the changes, resulting in the formation of (1) « pair of 
longitudinal ridges projecting from the roof into the cavity of the iter, 
constituting the Seals of Gottsche, and (2) of the two on the 
floor, forming the tori semicirculares, are more complicated, but 
been satisfactorily worked out. In Bembinator and the Anura page 
the changes are of the same nature as those in Tlarnabranchtl eseept it 

further con- 


we ey en into the ic lobe ure still 
stricted off from the median portion, eh Soeuedl ys 


Fe a ap corpora goth eadie stars 
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other Vertebrata, The prominences, which do not contain prolongations 
of the iter, become first faible on the appearance of an clique cieamererne 
furrow, while the anterior pair alone are separated by a longitudinal furrow, 
In tho later stages of development the longitudinal furrow is continued so 
as to bisect the posterior pair, 

‘The floor, which is hounded posteriorly by the pons Varolii, becomes the 
erura cerebri, The corpora geniculata interna also belong to this division 
of the brain. 

Fore-brain. In its earliest condition the fore-brain forms a single 
vesicle without a trace of separate divisions, but very early it buds off 
the optic vesicles, whose history is described with that of the eye. 





Fis. 252. Loxorrenian anes 
‘TION THHOUGH TRE REAIX OF A 
youna Pausrrurva enero, 


cer. commencement of cerebral 





_ + pm. pineal ds En. 
Fro, 251, Srcrtox rrmovon tHe YRONT infan balun: te rhs of 
PART OF Tite HkaD or A LuprposTeus RaEKIO ment to form the pltattary body: 
(ON THE KEYENTH DAY AFTER TCPREONATION, mi. mid-brain; eb. cerebellam; eh. 
af, alimentary tract; fb. thalamencopha- notochord; al. tary tract; 
too E.Jens of ere ‘op.e. optic vesicle, ‘The Jaa. artery of mandibular arch, 
jlast is not represented, 


‘The optic vesicles become gradually constricted off from the fore- 
brain in a direction obliquely back wards and downwards. They remain, 
however, attached to it at the auterior extremity of the base of the 
fore-brain (fig. 251 op.v.). While the above changes are taking place 
in the optic vesicles the anterior part of the fore-brain becomes pro- 
longed, and at the same time somewhat dilated. At first there is no 
sharp boundary between the primitive fore-brain and its anterior pro- 
longation, but there shortly appears a constriction which passes from 
above obliquely forwards and downwards. This constriction is shallow 
at first, but soon becomes much deeper, leaving however the cavities 
of the two divisions of the fore-brain united ventrally by a somewhat 
wide canal (fig. 252). 

Of these two divisions the posterior becomes the thalamen- 
cephalon, while the anterior and larger division (cer) forms the rudi- 
ment of the cerebral hemispheres and olfactory lobes. For a con- 
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siderable period this rudiment remains perfectly simple, and exbibits 
no signs, cither externally or internally, of a longitudinal constriction 
dividing it into two lobes. 

From the above description it may be concluded that the rudi- 
ment of the cerebral hemispheres is contained in the oot 
fore-brain. In spite however of their great importance in all the 
Craniata, it is probable that the hemispheres were either not present 
as distinct structures, or only imperfectly se) from the thala- 
mencephalon, in the primitive vertebrate stock. 

The thalamencephalon varies so slightly 
in structure throughout the Vertebrate series that a general desorip- 
tion will suffice for all the types. 

It forms at first a simple vesicle, the walls of which are of a nearly 
uniform thickness and formed of the usual spindle-shaped cells. 

‘The cavity it contains is known as the third ventricle, Anteriorly 
it opens widely into the cerebral rudiment, and posteriorly into the 
ventricle of the mid-brain. The opening into the cerebral rudiment 
becomes the foramen of Munro, 

For convenience of description I shall divide it into three regions, 
viz. (1) the floor, (2) the sides, and (3) the roof. 

‘The floor becomes divided into two parts, an anterior part, givil 
origin to the optic nerves, in which is formed the optic chiasma; nd 
a posterior part, which becomes produced into an at first incon- 
spictous prominence—the rudiment of the infundibulum (fig. 252 

n). This comes in contact with an involution from the mouth, 





Pro. 253. Disorayoiatic VERTICAL eCtION THROM TIN MEAD OF A TANYA OF 
MYZON. 

‘The tarva had been batched three days, and was 4-8 mts, fn length. "The optic amd 
Atiditory vesicles ure supposed to be seen through the tissues, a 

eh. cerebral hemisphere; th. optic thalamas 
mb. midbrain <b. cerebellum: md, 
optic vesicle; of, olfacton it; me. 
fnvolation; ito, ‘veateal worth; ‘At 


which gives rise to the pituil body (fig. 252 pt), the development, 
of which will be dealt with eee ed “ ” 
In the later stages of development the infundibulum becomes 
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gradually prolonged, and forms an elongated diverticulum of the third 
ventricle, the apex of which is in contact with the’ pituitary body 
(figs, 252, 254 in, and figs. 250 and 255 inf). 

Along the sides of the infundibulum run the commissural fibres 
connecting the floor of the mid-brain with the cerebram, 


Th its Inter stages the infundibular region presents considerable varin- 
tions in the different vertebrate types, In Fishes it generally remains very 
large, and permanently forms a marked diverticulum of the floor of the 


thalamencephalon. 
three lobes—a median and two lateral, 
the sacei vasculosi of the adult. 


In Elamobranchii the distal end becomes divided into 
‘The laterul lobes appear to become 


In Teleostei peculiar bodies known as the lobi inforiores: (hypoaria) 
make their appearance at the sides of the infundibulum. They appaar to 


correspond in position with the tuber 
cinereum of romalin', 
Beptiles, and Amphibia the lower part, 
of the embryonic infundibulum becomes 
atrophied and reduced to a mere finger- 
like process—the processus infundibuli. 

In Mammalia the pasterice pact of 
the primitive infundibulum becomes the 
ivan albicans, which is double in Man 

the higher Apes; the ventral part 
of the posterior wall forms the tuber 
cineream, Laterally, at the junction of 
the optic thalami and infandibulum, 
there are placed the fibres of the 
crura cerebri, which are probably de- 
vived from the walls of the infundi- 
bulum. A special process grows out 
een tite base of the pfnadinlaa, 
which w pecnliar changes, ani 
Tecomes ntimataly united with, Use 
pituitary body; in which connection it 
will be more fully described. 

The sides of the Aelenene 
phalon become very early thicken 
to form the optic thalami, which con- 
stitute the most important section of 
the thalamencephalon, They are 
separated, in Sassthelis at all 
events, on their inner aspect from 


In Birds, . 





Fra. 264, 
THROUGH THE WRAEN OF SCYLLIUM CANT- 
CUGA AT AX ADVANCED STAGE OF Dit- 
VRLOPMENT, 


Loxerruprxat, &RCTION 


cer. corebral hemisphere; 
neal gland; op.th. optic thalamus, con- 
nected with its fellow by a commissure 
i commissure), In front of 

seen & fold of the roof of the fore- 
brain, which ix the choroid plexus of 
the third ventricle; op. optic chiasma; 
i Naas, body; in, infundibulum ; 
eb, cerebellum ; au.v. passage leading 
from the audit vesicle to the ex: 
terior; met. medulla oblongata; C.in. 
internal carotid artory. 





the infundibular region by a 


somewhat S-shaped groove, known as the sulcus of Munro, which 
ends in the foramen of Munro, They also become in Mammalia 
secondarily united by a transverse commissure, the grey or middle 
commissure, which passes across the cavity of the third ventricle, 


* For the relations of these bodies, vide 1. Stleda, ‘Stud. ub, d. centrale Nerven- 
system d. Knochenfische.” Zeit. f. wiss, Zool. Vol, avi. 1868, 
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probably hom with, and derived’ from, 
band in the roof of the raprpaiteaie : 
diately in front of the pineal gland which is well developed in Elas- 
ppteancti\ ep 254). P 
Th more complicated changes. It becomes di- 


This commissure is 


vided, on the appearance of the pineal gland as a small papil 

outgrowth (tho development of hice is dealt with ), into 

SD SSaabes eg antec. in Uae ade 
ior. ‘The ; 


excessively thin, and at a later period, when the roof of the 

pat alone Guoetsoed (by She pyerath oe ae ispher 
to the mid-brain, it becomes (vide figs. 250 and 255 chd 3 re] 
considerably folded, while at the same time a vascular plexus is: s 
in the pia mater above it, On the accomplishment of these changes 
it is known as the tela choroidea of the third ventricle, 

In the roof of the third ventricle behind the pineal gland there 
appear in Elasmobranchii, the Sauropsida and Mammalia transverse 
commissural fibres, forming a structure known as the posterior coti- 
tissure, which connects together the two optic 

‘The most remarkable organ in the roof of the thalamencephalon is 
the pi gland, which is developed in most Vertebrates as a simple 
papilliform outgrowth of the roof, and is at first composed of cells 
similar to those of the other parts of the central nervous gs 
250, 252, 254 and 255 ym or pin). In the lower Vertel at 
directed forwards, but in Mammalia, and to some extent in Aves, it 
is directed backwards, 


Tn Amphibia it is deseribed by Gitte (No, 296) as being a y ‘ 
Ee pe ea lee Soot aT tee eden rina ae esa eet 
akin. 

Th hich Giitte gives to prove this does not appear to me 
to tan ebe pondloaicnlt which IE true is very in Althous 
I directed my attention specially to this point, I could find no in 
in Elasmobranchii of a process similar to that described by Gitte, and bi 
ee Gopiea deal ote lngeeeeins poe ee 

La Mf iM wl 

carey of the ee fos embryo of netstat we might add the 
Ascidians, and, should his facts be confirmed, the conclusion he draws from 
them would appear to be well founded. 

‘The later stages in the development of the pineal gland in different 
Nha atta ents ce in all ext bon fea waked oe 

Elasmobranchii the pineal gland becomes in time long, 

and extends far forwards ee the foal at th cerebral pe 
(fig. 254 pn). Its distal extremity dilates somewhat, and m the 
adult the whole organ forms (Ehlers, No. 337) an elongated tube, 
enlarged at its free extremity, and opening at its base into the brain. 
The enlarged extremity may either be lodged in a cavity in the 


* For a full account of this aubject vide Ehlers (No. 337). 
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cartilage of the cranium (Acanthias), or be placed outside the 
cranium (Raja). 

In Petromyzon its form is very different, Ib arises (fig, 253 pn) 
as a sack-like diverticulum of the thalamencephalon extending at 
first both backwards and forwards, In the Ammoceste the walls of 
this sack are deeply infolded, 

The embryonic form of the pineal gland in Amphibia is very much 
like that which remains permanent in Elasmobranchii; the stalk 
connecting the enlarged terminal portion with the brain soon however 
hospice solid and very 
thin except at its prox~ hd 
imal extremity, The fey 
enlarged portion also 
becomes solid, and is 
placed in the adult 
exterpally to the skull, 
where it forms a moss 
originally described by 
Stieda as the cerebral 
gland. 

In Birds the primi- 
tive outgrowth to form 





comes, ing i 
Mihalkovics, deeply Fae 
indented by vascular 4 oy = 


connective: tissue in- Fio, 265. Lowoiropixat venricaL Secriox THkovom 
growths, so that. it soe axrenion pane ov tix Mat ov ax rocmnyo NANBIT 
assumes a dendritic ov youn cexrmrernns. (After Mibalkovies.) 
eee SORTS se eanteh tastaetnon are ne at tae eae 
: ‘ ri 
The Penchedto the Ho*ETE idiaated tis onilina, 
otal fie thalanuen. fhe ts sarpegee! a the ali i 4 
- the inner of part of r 4 
_ a ‘iswure ; fre. vertical pil if the 
eephalon forms 8 spo-. gee nseior commitare: fo, vre! ile of 
hagas minalia; hme. corbral hemispheres; olf. aifactory lobes; 
theinfra-pineal pro- act, artery of corpus callosum; fur. position of foramen 
cess. The central lu- of Munro; chd 3, choroid plexus of third ventricle 5 pin. 
men of the free part Roling'ine tober ot tue muidchrainy chur, opts chiesa 
of xont mead aly fh. thoes sonia fete yma. pons Vite 
at ies, but the  rolii; pde. corel jnneles ; agd. iter. 
branches still remain 
hollow. The infra-pineal process becomes reduced to a narrow stalk, 
connecting the branched portion of the body with the brain. The 
is po A . 
branched terminal .apection and abs: stale ob analy cocryercia tot 
the vesicle and dis rt of the stal he types already described. 
Tn Mammalia the aavalopinaatt of the pineal gland is, according to 
Mibalkovics, generally similar to that of Birds. The original out- 
wth becomes branched, but the follicles or lobes to which the 
gro! 





| 


358 PITUITARY BODY. 


branching gives rise eventually hecome solid (fig. 255 pin). An infra- 
pineal process is developed comparatively late, and is not sharply 
Doser from the roof of the bram. 
satisfactory have yet been offered as to the nature 
of the pinel gland, unless the view of Gétte be regarded as such. Tt 
to in all forms an epithelial structure, but, except at 
the base the stalk (infra-pineal process) in Mammalia, in ema 
of which there are nerve-fibres, no nervous structures are present in 
it in the adult state. 

The pituitary Although the pituitary body is not 
& nervous structure, yet "from its intimate connection with the 
will be convenient to describe its development here. The pituitary 
body is in fact an organ derived from the epiblast of the stomodieum. 
‘This fact has been demonstrated for Mammalia, Aves, Amphibia and 
Elasmobranchii, and may be accepted as holding good for all the Crani- 
ata’. The epiblast in the angle by the cranial flexure becomes 
involuted to form the cavity of the mouth. This cavity is bordered 
on its posterior surface by the front wall of the alimentary tract, and 
on its anterior by the = of the fore-brain. Its wy Milage end 
does not at first become markedly constricted off from the remainder, 
but is eet the rudiment of the pituitary body. 

Fig. 256 represents a transverse section ehrotigh the head of an 
Elasmobranch embryo, i in which, owing to the cranial flexure, the fore 
part of the head is cut longitudinally and horizontally, and the 
section passes through both the fore-brain (fb) and the hind-braim. 
Close to the base of the fore-brain are seen the mouth (m), and the 

pituitary involution from this (pt). In contact with the pi 
Tavolution ji is the blind anterior termination of the throat (af) which w 
little way back opens to the exterior by the first visceral cleft psi we). 
This figure alone suflices to ene the correctness 
above account of the inary body 5 but its trath is still fates 
confirmed by fig. 252; in which the mouth involution (pt) is in 
contact with, but still separated from, the front end of the alimen' i that 
tract. Very shortly after the septum between the mouth and 
becomes pierced, and the two are placed in communication, the 
pituil involution becomes very very patialy constricted off from the 
mouth involution, though still in direct communication with it. Tn 
rence the pituitary involution becomes longer and is dilated 
ly; while the passage connecting it with the mouth becomes 
Sesome aad narrower, and is finally reduced to a solid cord, which 
in its turn di: 
Before the connection between the pituitary vesicle and the mouth 


+ Scott states that in the larra of Petromyzon the pituitary body ix derived from 
tho walls of the masal pit: Guart J of Miers Seence Vel 3 T have not 
owed its development i ry 
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is obliterated the cartilaginous cranium becomes j, and it 
any Hien tespecn that the infandibalomn projects the pitui- 


tary to come into close juxtaposition with the pituitary body. 
the pituitary vesicls baa lost its connection vith the mouth 
it lies just in front of the infundibulum (figs. 250 and 255 kph and 
fig. 254 pt); and soon becomes sur- 
rounded by vascular mesoblast, which 
grows in and divides it into a number 
of branching tubes. In many forms 
the cavity of the vesicle completely 
is and the branches become 
for the most solid [Cyclostomata 
and some Mammalia (the rabbit), 
phibia}. I Spal. Fee 
in ia, Aves most 
Mammalia the lumen of the organ is 
a or less retained (W. Miller, No. 

344). 

Although in the majority of the 
Vertebrata there is a ae Ginga 
between the pituitary body and the 
infundibulum, there is no actual fusion 
between the two. In Mammalia the 
case is different, The part of the in- 
fundibulum which lies at the hinder 
end of the pituitary body is at first a 
simple finger-like process of the brain 
(fig, 255 inf), but its end becomes 
swollen, and the Iumen in this part ft: forebrain ; 2. Jena of eye: st, 
becomes obliterated. Its cells, origi- mouth; pt. upper end of mouth, 
nally similay to those of the other  [ormink pitnitnly invoke il 

of the nervous system and even  2pp, first and second bead cavities ; 

KGlliker) containing differentiated ee. first visceral cleft; F. fifth 

nerve-fibres, partly atrophy, and partly pervs; wt, aaliory ergs 

assume an indifferent form, while at porta; acr. anterior eardinal vein; 
hon. 


tmorphosed 

body, of which it is usually described as the posterior | The 

ae of the infundibulum which unde: this change is very pro- 
ily homologous with the saccus vasculosus of Fishes. 

‘The true natare of the pituitary body has not yet been made out. Itis 
clearly a rudimentary JPocapan agen Tat ranisia Maree) and its 
development indicates when functior it wins ly a sense 

‘ing into the mouth, its blind end reaching to the tase of the brain. No 
lar organ has as yet been found in Amphioxus, but it seems posible 
perhaps to identify it with the peculiar ciliated sack placed at the opening 


- 





| 


360 THE CEREBRAL HEMISPHERES. 

of the in the Tunicata, the development of which was desc 

at p. 1 the suggestion is ee St oe 
in existing Vertebrata must be as a stop towards a retrogressive 


possible view is to regard the pitui asa E 
structure which originally opened art be pele ee ee 
but which has in all existing forms ceased to be functional. The intimate 
relation of the ongan to the brain appears to me opposed to this view: 


to the ciliated sack, and it ix possil eit te ce ee 
ciliated sack may be related to the pituitary body. In view of this pos- 
sibility further investigations ought to be carried out in order to in 
whether the whole pituitary body is derived from the oral involution, or 
whether there may not be a nervous part and a glandular part of the organ. 
dy the Gevalopeaat cf the soroeal bersapionan je 
rately the development of the cere! jemispheres Fi 
te i ite h heres ‘ hi au 
Although the cerebral hemis; more than any " 
of the gis they are nari tile ena from the be 
cerebral rudiment in a nearly similar manner throughout the series 
of Vertebrata. 
In the cerebral rudiment two parts may be distinguished, viz, the 
floor and the roof. The former gives rise to the ganglia at the base of 
the hemispheres—corpora striata, ete—the latter to the hemispheres 


first change which takes place consists in the roof growing 

+ out into two lobes, between which a shallow median constriction makes 

its appearance (fig. 257). The two lobes thus formed are the rudi- 
ments of the two 

te The cavity of each of them opens 

ww by a widish into the 

vestibule at base of the 

cerebral rudiment, which again 

opens directly into the of 

ce the third ventricle (3 ¥). 

Y-shaped aperture thus formed, 

which leads from the cerebral 

sv hemispheres into the third ven- 

opth tricle, is the foramen of Munro, 

The cavity (Ir) in each of the 

Fis. 257. Duoxswarc voxorreosa, rudimentary hemi is a 

MOWONTAL AECTION THROUGM TIE FORN- highs balay part of 

Saeed e cerebrum wi ies between 

iu, laa tormieales co, cereal hemi ‘he two hemispheres, and passes 

sphore ; op.th. optic thalamnn, forwards from the roof of the 


+ “Tax Acilies simples des Cites de France.” Archives de Biologie expér, et péndrale, 
Vol. nist po ‘elie 
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third ventricle round the end of the brain to the optic chiasma, is the 
rudiment of the lamina terminalis (figs. 257 It 255 trm). Up to 
this point the development of the cerebrum is similar in all Verte~ 
brata, but in some forms it practically does not proceed much further. 

In Elasmobranchii, although the cerebrum reaches a considerable 
size (fig. 254 cer), and grows some way backwards over the thalamen- 

, Yet it is not in many forms divided into two distinct lobes, 
but its paired nature is only marked by a shallow constriction on the 
surface. The lamina terminalis in the later stages of development 
grows backwards as a thick median septum which completely separates 
the two lateral ventricles’ (fig. 263). 

are, it may be mentioned, considerable variations in the 
structure of the cerébrum in Elasmobranchii into which it is not 
however within the scope of this work to enter. 

In the Teleostei the vesicles of the cerebral hemispheres rat 
first to have a wide lumen, but it subsequently becomes t or 
quite obliterated, and the cerebral rudiment forms a small bilobed 
nearly solid body, In Petromyzon (fig. 253 ch) the cerebral rudiment 
is at first an unpaired anterior vesicle, which subsequently becomes 
bilobed in the normal manner. The walls of the hemispheres become 
much thickened, but the lateral ventricles persist. 

In all the higher Vertebrates the division of the cerebral rudiment 
into two distinct hemispheres is quite complete, and with the dee 
ening of the furrow between the two hemispheres the lamina terminalis 
is carried backwards till it forms a thin layer bounding the third 
ventricle anteriorly, while the lateral ventricles open directly into 
the third ventricle. 

In Amphibians the two hemispheres become united together 
immediately in front of the lamina terminalis by commissural fibres, 
forming the anterior commissure, They also send out anteriorly two 
solid prolongations, usually spoken of as the olfactory lobes, which 
subsequently fuse ther. 

a ene Ira 

in the higher members G ially Aves (fig. 250), 
the ae may obtain a copaterakie development, Their outer 
walls are much thickened, while their inner walls become very thin ; 
and a well-developed ganglionic mass, equivalent to the corpus 
striatum, is formed at their base, 

The cerebral hemispheres undergo in Mammalia the most com- 

jicated development. The primitive unpaired cerebral rudiment 
es, as in lower Vertebrates, bilobed, and at the same time 
divided by the ingrowth of a septum of connective tissue into two 
distinct hemispheres ie. 260 and 261 f and 258 1). From this 
septum is formed the falx cerebri and other parts, 


) A com of the mode of of this with that of the 
Beeler scctningd cosatorares to Meseratin elesiy sitey Uak toe tee 
structures are not homologous, and that Miklucho-Maclay is in error in attempting to 
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The hemispheres contain at first very large cavities, communi 





Fi, 258, Basix or 4 tae oxrns’ 
{Prom Kal. 


WOMAN HOUHRYO: NATURAL BUR, 
liker.) 


1 aap aad ha ry erm NS 


mid-brain removed; 2. 
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by a wide foramen of Munro 
with the third veutricle (f 
260) They grow rapidly in size, 
and exter 
od gradually cover the thala~ 
ncephalon and the mid-brain 
(fig. 2 258 1, f). The foramen of 
Munro becomes very much nar~ 
Ata and reduced to a mere 
nt. 

The walls are original: 
nearly uniformly thick, bat the 
floor becomes thickened on each 
side, and gives rise to the corpus 
striatum (figs 260 and 261 sf), 
The corpus striatum projects 
upwards into each lateral vyen- 
tricle, giving to it a somewhat 
semilunar form, the two horns 


of which constitute the permanent anterior and descending cornua 


of the lateral ventricles (fig. 262 st). 


With the further growth of the hemisphere the corpus striatum 





— ‘ Ya 


Fio. 250, Teaxsvknae sncriox TakoveM Titk BRAIX OF A mAnntT OF ¥IVE 
cextiwrrars. (After Mihalkovies.) 


The section pames through near 
immediately in front of the foramen 


the posterior border of the septum tucidum, 


Mauro. 


fs. cerebral bemispheres; cal, corpus callosum; ase. core amneonis 
ong emir. ee cog commissure of the cornaa anmeoni«; «pf, 
inelim vertical fibres of the fornix; cma, anterior commissure; trv. Jaminn 





at =i corpas stristam; [t/, mucleas lenticolari+ of eorpas strintom; vir 1, 
hemispheres. 


univ ventricle; ptr 3. third ventricle; ip. slit between cerebral 
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loses its primitive relations to the descending cornu, The reduction 
in size of the foramen of Munro above mentioned is, to a large extent, 
caused by the growth of the corpora striata. 

The corpora striata are united at their posterior border with the 
optic thalami. In the later of development the area of 
contact between these two pairs of ganglia increases to an immense 
extent (fig. 261), and the boundary between them becomes somewhat 
obscure, so that the sharp distinction which exists in the embryo 
between the isladtencepalon and cerebral hemispheres becomes 
lost, This change is usually (Mibalkovics, Kélliker) attributed to 
a fasion between the corpora striata and optic thalami, but it has 
recently been attributed by Schwalbe (No. 349), with more proba- 
bility, to a growth of the original surface of contact, and an accom- 


panying change in the relations of the parts. 

The outer wall of the hemispheres gradually thickens, while the 
inner wall becomes thinner. In the latter, two curved folds, s projecting 
towards the interior of the lateral ventricle, become form These 
folds extend from the foramen of Munro along nearly the whole of 
what afterwards becomes the descending cornu of the lateral ventricle. 

The upper fold becomes the hippocampus major (cornu ammonis) 
(figs. 259 amm, 260 and 261 h, and 262 am). When the rudiment 





Fra. 260. ‘Tuaxevnnax acevo THROUGH THE PRAIS OF A KIKEED’ ‘EMT 
Ov 27 cM, IN LENGTH. (From Kolliker.) 
‘Tho section passes through tho level of the forumen of Munro. 
vt. corpus striatum; m, foramen of Munro; ¢, third ventricle; pi. choroid plexos 

of lateral ventriclo; f. falx cerebri; th. antorior part of optic thalamus; oh. optic 
china: 0 opie nerve, roy ‘of ihe cereal pects; ern anon 

fa. pro-sphenois we: a, orb ern 0; *. pointe to a 
Foot of the hain at the junction between tbo roof of the thind ventricle nnd the 
Inmina terminalis; ¢. lateral ventricle, 
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of the descending cornu has become transformed into a simple 





Fro, 261. Tianavense seoriox THKoveH THe BRAIN OF A KICRER'R HAMRYO 
ov 27 cx. 1x uexoru. (From Kolliker.) 
‘The section is taken a short distance behind the section represented in fig. 260, 
and passes through the postorior part of the homispheros and the third ventriole, 
at. corpus striatum: th. optic thalamus; fo. optic tract; t. third ventricle; d. roof 
of third ventricle; c, fibres of cerebral peduncles; c’. divergence of these fibres into the 
walla of the bemispheres; ¢. lateral ventricle with choroid plexus pl; h. corny am- 
monis; f. primitive falx; am. alisphenoid; a, orbito-sphenoid; su, presphenoid; p, 
pharynx; mk. Meckel's eartilnge. 
process of the lateral ventricle the hippocampus major forms a 
prominence upon its floor. 

The wall of the lower fold becomes very thin, and a vascular 
plexus, derived from the connective-tissue septum between the hemi- 
spheres, and similar to that of the roof of the third ventricle, is formed 
outside it. It constitutes a fold projecting far into the cavity of the 
lateral ventricle, and together with the vascular connective tissue in 
it gives rise to the choroid plexus of the lateral ventricle (figs. 260 
and 261 

It holes from the above description that a marginal fissure 
leading into the cavity of the lateral ventricle does not exist in the 
sense often implied in works on human anatomy, in that the epi- 
thelium covering the choroid plexus, which forms the true wall of the 
brain, is a continuous membrane. The epithelium of the choroid 
plexus of the lateral ventricle is quite independent of that of the 
choroid plexus of the third ventricle, though at the foramen of Munro 
the roof of the third ventricle is of course continuous with the inner 
wall of the lateral ventricle (fig, 260 8). The easoular elements of 


the two plexuses form however a continuous structure. 


, | 
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The most characteristic parts of the Mammalian cerebrum are 
the commissures connecting the two hemispheres, These commissures 
are (1) the anterior commissure, (2) the fornix, and (3) the corpus 
callosum, the two latter being peculiar to Maramalia, 

By the fusion of the inner walls of the hemispheres in front of 
the lamina terminalis a solid septum is formed, known as the se 
lucidum, continuous behind with the lamina terminalis, and below 
with the corpora striata (figs. 255 and 259 spt). It is by a series of 
differentiations within this septum that the above commissures 
originate, In Man there is a closed cavity left in the septum 
known as the fifth ventricle, which has however no communication 
with the true ventricles of the brain, 

In the septum lucidum there become first formed, below, the 
transverse fibres of the anterior 
commissure (fg. 255 and fig. 

259 ema), and in the upper z 
the vertical fibres of the 

rnix (fig. 255 and fig. 259 
fre 2). The vertical fibres 
meet above the foramen of 
Munro, and thence diverge 
backwards, as the posterior 
pillars, to lose themselves in 


am 


mb 
cs 


the cornu ammonis (fig. 259 
amm). Ventrally they are con- 
tinued, as the descending or 
anterior pillars of the fornix, 
into the corpus albieans, and 


me ps 

Fro. 262, Larenat view ov vim BnALN 
or 4 ALY aunnyo oy 5 ox, (After Mihul- 
kovien.) 

‘The outer wall of the hemisphera th re- 


moved), 0 as to given view ofthe interior of 
thence into the optic thalami. Li easel 

The corpus callosum is not, ,!és cut wall of hemisphere; #. corpus 
formed till after the anterior baie i yen peter ‘ventricle; 
commissure and fornix. It f/ 
arises in the upper part of the 


region (septum lucidum) formed Tit luce to hich We ike a ava nne 
by the fusion of the lateral ‘ian ganglion. 


walls of the hemispheres (figs. 

255 and 259 cal), and at first only its curved anterior portion— 
the genn or rostrum—is cevelget This portion is alone found in 
Monotremes and Marsupials. The | met portion, which is present 
in all the Monodelphia, is gradually formed as the hemispheres are 
prolonged farther backwards. 

Primitively the Mammalian cerebrum, like that of the lower 
Vertebrata, is quite smooth, In many of the Mammalia, Aonotre- 
mata, Insectivora, etc., this condition is nearly retained through life, 
while in the majority of Mammalia a more or less complicated 
of fissures is developed on the surface, The most important, and first 
formed, of these is the Sylvian fissure. It arises at the time when 
tho hemispheres, owing to their growth in front of and behind the 
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low depression, which 
constitutes the first trace 
of the Sylvian fissure, 
The part of the brain 
lying in this fissure is 
known a8 the island of 
Reil. 


pct reg 


rhinencephala, are secon- 





dary outgrowths of the 
chs M2, Seen moos, muss “ES corebral hemispheres and 
fied from figares by Marshall and myself.) contain prolongations of 
eh, cerebral hemispheres; ol.v. olfactory vesicle; the lateral ventricles, 
olf, olfactory pits Sch, Rohneklerian folds: J olfse but may however be 
iowa. Ponies nn har bmn accidently tig in the aut state, 
prolongation of pineal gland. 3 According to Marshall 
they dev in Birds 
mt Elasmobranchs ae aay other bisrivbsarnd 3 the ol- 
ry nerves, so that the olfactory region of tl jispheres is 
indicated before the appearance of the alfectory lobes, 

In most Vertebrates the olfactory lobes arise at a fairly Backs 
stage of development from the under and anterior part of the 
spheres (fig. 250 olf). In Elasmobranchs ey arise, not from the 
hase, but fon, Sie Taare te res the brain f ig. 263), ot become 
subsequen ivided into a bulbous portion and a stalk, 

Soueidrat site their structure in tho adult git 

In Amphibia the solid paler proldogadote of the cerebral hemi- 
spheres already spoken of are usually regarded as the ol lobes, 
but according to Gitte, whose view appears to me well fom small 
papilla, situated at the base of these prolongations, from which olfae- 
tory nerves spring, and which contain a proceas of the iS a 
Shela prupsiy regarded as the olfactory lobes. These 
arise prior to the solid anterior prolongations of the hemispheres, 

In Birds the olfactory lobes are small. In the chick they arise 
(Marshall) on the seventh day of incubation. 


General conclustons as to the Central Nervous System, 


Tt has been shewn above that both the brain and spinal cord are 
primitively composed of a uniform wall of epithelial cells, and that 
the first differentiation results in the formation of an external layer 
of white matter, a middle layer of grey matter (ganglion cells), and 
an inner epithelial layer. This primitive histological arrangement, 
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which in many parts of the brain at any rate, is only to be observed 
in the early developmental stages, has a simple phylogenetic explana- 
tion, 

As has been already explained in an earlier part of this chapter 
the central nervous system was originally a differentiated part of the 
superticial epidermis. 

This differentiation (as may be concluded from the character of 
the nervous system in the Coslenterata and Echinodermata) consisted 
in the conversion of the inner ends of the epithelial cells into nerve- 
fibres; that is to say, that the first differentiation resulted in the 
formation of a layer of white matter on the inner side of the epi- 
dermis. The next stage was the separation of a deeper layer of the 
epidermis as a layer of ganglion cells from the superficial epithelial 
layer, i.¢, the formation of a middle layer of ganglion cells and an 
outer epithelial layer. Thus, phylogenetically, the same three layers 
as those which first make their appearance in the ontogeny of the 
vertebrate nervous system became successively differentisted, and in 
both cases they are clearly placed in the same positions, because the 
central canal of the vertebrate nervous system, as formed by an in- 
volution, is at the true outer surface, and the external part of the 
cord is at the true inner surface. 

It is probable that a very sharp distinction between the white 
and grey matter is a feature acquired in the higher Vertebrata, since 
in Amphioxus there is no such sharp separation ; though the nerve- 
fibres are mainly situated externally and the nerve-ceils internally, 

As already stated in Chapter xIL the primitive division of the 
nervous axis was probably not into brain and spinal cord, but into 
(1) a fore-brain, Seren DE the ganglion of the prworal lobe, and 
(2) the posterior part of the nervous axis, consisting of the mid- 
and hind-brains and the spinal cord. This view of the division of the 
central nervous system fits in fairly satisfactorily with the facta of 
development. The fore-brain is, en en more distinct from 
the posterior part of the nervous system the posterior are 
from each other; the front end of thé notochord forms the bound 
between these two parts of the central nervous system (vide fig. 353), 
ending as it does at the front termination of the floor of the mid- 
brain, and finally, the nerves of the fore-brain have a different cha- 
tacter to those of the mid- and hind-brain. 

This primitive division of the central nervous system is lost in all 
the true Vertebrata, and in its place there is a secondary division— 

ling with the secondary vertebrate head—into a brain and 

inal cord. The brain, as it is established in these forms, is again 
ivided into a fore-brain, a mid-brain and a hind-brain, The 

brain is, as we have already seen, the original ganglion of the 

‘The mid-brain appears to be the lobe, or ganglion, of the third 

pair of nerves (first pair of segmental nerves), while the hind-brain is 

4 more complex structure, each section of which (perhaps indicated 

by the constrictions which often appear at an early stage of develop- 
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sect) Lies Lead eae Sov nerves is, roughly speaking, 


The type Sof thereat a ach of the itivel, 
vesicles Fecal the fore-, the mid- and the bi ppt 
Span pencbeperipe 
to notice the ions in the relative im 
the brain in fe diferent types. This nent Inlaune 
of the fore-brain, where the cerebral hemis; eh ic on embryo- 
logical grounds we may conclude to have differentiated 
as distinct of the fore-brain in the most pe he now 
sient more and more prominent, till in the highest 

constitute a more salen section of the brain than 
the whole of the remaining parts put 

The little that is known with reference s the significance of the 
more or less corresponding outgrowths of the floor and roof of the 

lon, constituting the infundibulum and pineal Bui 
has already been mentioned in connection with the development 
these parts. 


Brsviocraruy. 


wa??? ©. 4. Carus. Versuch einer Darstelung d. Nervemeystems, ete, Leipaig, 
ou 

(33a) <i bk. Prepreatctos cata Revelipeast of Yee plea occa Pa eae 

(3; aa ““Beitrige zur Entwicklungsgeschichte des Hirnanlanges.” 

(38) _B. Duray. Zur Entwioklungagesehichte des Kopfer des Menschen und der 


}, 1868. Nr. 8, 
A. Beker. “Zur to der Farcben und sod Windanewn op 
Crebabttn Siomoptivn fen Foot dan Menschen.” 
-Hemiephiren tm Footos dos Archiv f. Anthropologie, v. Boker 


und Lindensetnal 
lhe! Ehlers, “Die Epiphyse am Gehim a. Plagiontomen.” Zeit. fs. 
P. Sp Plachehe. Dic Die Leitungsbaknen im Gehirn wud Riickewmark dee Menschen, 
Auf centurieklungsyeachichtlicher Untermuchungen, 
(a39) Y, Henge. “Zur Entwicklung des Nervensystems.” Virchows arehie, 
oi? dueice : an > nek Se 
we . Ie 
(san) | re. Palin 2. 2, vergleich. Morphogenesis 4. centralen Nerven= 
ae A.M. Marshall, The of the Ve 
Science, Vol. xix. 
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(349) G, Schwalbe, “Beitrag x. Entwick. d. Zwischenhims.” Site. d. Jenaischen 
Gesell, f. Med. u. Naturwiss. Jan. 28, 1880, 

(350) Fried. Tiedemann. Anatomie unt Bildungegeschichte des Gehirns im 
Foetus des Menschen, Niirnberg, 1816, 


THE DEVELOPMENT OF THE CRANIAL AND SpinaL Nerves’. 


All the nerves are outgrowths of the central nervous system, 
but the differences in development between the cranial and spinal 
nerves are sufficiently great to make it convenient to treat them 


separately. 

inal nerves, ‘The posterior roots of the spinal nerves, as well 
as certain of the cranial nerves, arise in the same manner, and from 
the same structure, and are formed considerably before the anterior 
roots. Elasmobranch fishes may be taken as the type to illustrate 
the mode of formation of the spinal nerves, 

The whole of the nerves in question arise as outgrowths of a 
median ridge of cells, which makes its bo virontes on the dorsal side 
of the spinal cord d (és. 264 A, pr). is ridge has been called by 
Marshal! the neural crest. At each point, wl a pair of nerves 
will be formed, two r-shaped outgrowths project from it, one on 
each side; and apply themselves closely to the Salle of the spinal cord 
(fig. 264 B, pr). These outgrowths are the rudiments of the posterior 


nlar outsgrovttis of the pinal cond. eps ie re is Me that same of the 
aoournl bh 
tem ey evry ded alae 


Tew 
wT Fria has aloe worked over the subject again (No. 32), and has reaflirmed as a re- 
sult of bis work hix original statements, I cannot, however, secept his interpretations 
Se jek, and rust reer she reader who In ansbous to study them more fully, to 

own paper, 
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Fro. 204 B.  Teaxsvemsn 
AxcTION THROTGM THK TRONK 





Fra. 264 A. Taaxsvenan sno- OF AN RMRRYO SLIGHTLY OLDER 
‘Thow Tenovom A Parericavs eM- ruay et, 29 E, 
KYO AMWING THE PROLIFERATION 
OF Ckits To FONM THE RECRAL Peston repo pe 
REET. sulmotochondal rod; ao, marta; 
pr. neural crest; ne. neural sc, somatic mesoblast; ap. 
eannl; ch. notochord; ao. norta. splanchnic mesoblast ; ap. 


musele-plate; mp’, portion of 
Tonsale pists paver a 
vertel wi 

bey ww Tea rectbeal 3; ale 


nerves. While still remaining at- 
tached to the dorsal summit of the 
neural cord they grow to a consider- 
able size (fig. 204 B, pr). 

The attachment to the dorsal 
summit is not permanent, but before 
describing the further fate of the 
nerve-rudiments it is necessary to 
say a few words as to the neural 
crest. At the period when the nerves 

=o have begun to shift their attachment 
ee to the spinal cord, there makes its 

Fro. 265. Veerican coxorrupnar appearance, in Elasmobranchii, a 
faerox THRover rant or TAR Taexk longitudinal commissure beeen 





Ops) wean ray the dorsal ends of all the spi 
nerves (figs. 265, 266 com), as well 
as those of the vagus and glosso~ 
geal nerves. This commis- 
Te ity cacy te ke neues PMS sure has as yet only been found in a 
future germinal ridge. complete form in Elasmobranehii; 
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but it is nevertheless to be regarded as a very important morphological 
structure, 


PF 


Fro. 266, Srixau xxnves or Scvntivm IN LONGETUDINAL SECTION To sITEW 
‘TIE COMMIRSURE CONNECTING THEM, 


Bi Higiy magaited ¢lew of the dorsal part of a single md of th 
magnil vi a nerve, and of the com. 
maiesure connsited wilh Ik 

com, commissure; sp.g. ganglion of posterior root; ar, anterior root. 


It is probable, though the point has not yet been definitely made 
out, that this commissure is derived from the neural crest, which 
appears therefore to separate into two cords, one connected with each 
set of dorsal roots, 

Retuming to the original attachment of the nerve-rudiments to 
the medullary wall, it has been already stated that this attachment 
ig not permanent. It 
becomes, in fact, at about 
the time of the appear- 
ance of the above com- 
missure, either extremely 
delicate or absolutely in- 


terrupted, 
The nerve-rudiment, 


now becomes divided into 
three parts (figs. 267 and 
268), (1) a proximal 
rounded portion, to which 
is attached the longitu- 
dinal commissure (pr); 
(2) an enlarged portion, 
forming the rudiment of 


a lion (g and ); 
(3a Gistal wie fay 
ing the commencement 
of the nerve (n). The yy, 267. Secriox tunovon THE DORAL Pant 
proximal portion may ov rux rauxx or 4 Toxrapo exnavo, 
Si ver ipeag taplog Meg apeniremgy Pen 
i i i 4 Me 4 ar. ie nerve; 
e yt peng imide ch. notochord; ‘ne, nenral eanal; mp, musele-plate, 


2-2 
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very n 
Moreover the proximal portion of the nerve is attached, not by its: 
extremity, but by its side, to the spinal cord (fig. 268 x). The dorsal 
extremities of the posterior roots are therefore free. 

‘This attachment of the ior nerve-root to the spinal cord is, on 
account of its small size, vert diffe to observe, Tu rd et pei on 
there may however be seen a distinct cellular prominence from the 
eord, which becomes continuous with a small prominence on the lateral 


border of the nerve-root near its proximal extremity. The proximal ex- 
tremity of the nerve is composed of cells, which, by their small size and 
circular form, are eusily distinguished from those which form the suc- 
ceeding or ganglionic portion of the nerve. This part has « swollen 
configuration, and is composed of large elongated with oval nuclei. 
The remainder of the radiment forms the commencement of the true 
nerve. This also is, at first, composed of elongated cells’, 

Tt is extremely difficult to decide whether the permanent attachment of 
the posterior nerve-roots to the spinal cord is entirely a new formation, or 
merely due to the shifting of the original point of attachment. I am in- 


clined to the former view, which is also held by Marshall and Hi 
but may © to fig, 269, shewing the roots after they have 
attached to the side, as distinct evidence in favour of the view that 
the attachment simply becomes shifted, « process which might perhaps 
be ex, by a growth of the dorsal part of the spinal cord. The change 
of ion in the case of some of the cranial nerves is, however, so 

that I do not think that it is possible to account for it without i 
the formation of a new attachment, 


fF 


rudiments of the anterior roots have a somewhat fibrous apiece 
and an indistinct form of peripheral termination, while 
plasm of which they are composed becomes attenuated towards its 


+ The cellular straciare of embryonic nerves is a point on which 1 should have 
cipated that a difference of opinion was impossible, eae ee iar aenant 


I feel quite sure that no one the development of the nerves in 

with well- for » moment be point, and I can 

only His’ denial on the ition that his ‘were utterly unsuited to 

isha germany re fhok for ths talon saree ot tool oneal air 
ne may “ ir . 

my came site (Enteteks 


is fact misled a 3 
in the nerves, states belong to mesoblastic cella which have wandered into the 
Mate Netantiracns Snoeasplicn, 00 supported by obeervation of the 
it. 
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end. They differ from the posterior roots in never shifting their 


point of attachment to the 
spinal cord, in not being 
united with each other by 
, Sonuhiwars, snide never 
leveloping a ganglion. 

The Aponte grow 
rapidly, and soon form elon- 
yated cords of spindle-shaped 
cells with wide attachments 
to the spinal cord (fig. 267). 
At first they pass obliquely 
and nearly horizontally out- 
wards, but, before reaching 
the muscle-plates, they take 
a bend downwards. 

One feature of some in- 
terest with reference to the 
anterior roots is the fact that 
they arise not vertically be- 
low, but alternately with the 
posterior roots: a condition 
which persists in the adult. 


nerte; 2, al 
nenral 





Fic. 268. Setios runoven Tux vonsat 
neowon oy 4 Purerreny: 








ne. canal; mp. 
chord; #. investment of spinal cord. 


They are at first quite separate from the posterior roots; but about 
the stage represented in fiy. 267 a junction is effected between each 


ior root and the corre: 


nding anterior root. The anterior root 


joins the posterior at some little distance below its ganglion (figs. 265 


and 266), 

Although T have made some efforts to 
determine the eventual fate of the com- 
missre uniting the dorsal roots, I have not 
hitherto met with success. It grows thinner 
and thinner, becoming at the same time com- 
posed of fibrous protoplasm with imbedded 
nuclei, and finally ceases to be recognisable. 
1 can only conclude that it gradually atro- 
phies, and ultimately vanishes. 

After the junction of the posterior and 
anterior roots the compound nerve extends 
downwards, and may easily be traced for 
a considerable distance. A special dorsal 
branch is given off from the ganglion on 
the posterior root (fig. 275 dr). According 
to Liwe the fibres of the anterior and 
terior roots can easily be distinguished in 
the higher types by their structure and 
behaviour towards colouring reagents, and 
can be separately traced in the compound 
nerve, 





oh \ 
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Fra. 269. Taaxavensx sxc- 
‘TION THROUGH TK DORSAL REGION 
eo 4 YouxG ToarKpo EMBRYO TO 
AILKW THE ORIOIN OF THE ANTERIOR 
AND POSTERIOR ROOTR OF THE 
SPINAL SERVES. 

pr. posterior root of spinal 
nerve; ar. anterior root of spinal 
nerve; mp. musole-plate; ch. 


er. 
‘which will form the vertebral 
bodies. 








So far as has been made out, the ent of the spinal 
nerves of other Vertebrates agrees in eT ee 
branchii, but no dorsal commissure has yet been discovered. except in 
the case of the first two or three spinal nerves of the Chick. y 


also do to some extent in Elasmobranchii), but subsequently lie close to the 
sides of the neural canal, HY See Ge a Ee 
‘There does not to be a continuous crest ing the roots of 


nerves, The later of the devel t are precisely like 
Poe a stages lopmen: precisely 

‘The — oe al ches tare i iy investieaies ae 

jor, but grow out, i several roots nerve, 
Airet the \yenteal cours of" the, aplial’ cord,” nd’ Sulmearer fa aa 
attached to the posterior nerves, 

T have observed the development of the teciae 100ks he 
in which they appear ax projections from dorsal angles of spinal 
cord, extending laterally outwards and, at first, having their extremities 
placed dorsally to the muscle-plates. 


‘The cranial nerves’. The earliest s' in the di of 
the cranial nerves have been most satisfac studied, copeally by 
Marshall (No. 354), in the Chick, while the later stages 
more fully worked out in Elasmobranchii, where, moreover, they 
present a very primitive arrangement, In the Chick certain of the 
cranial nerves arise before the complete closure of the neural groove, 
‘These nerves are formed as paired outgrowths of a continuous band 
composed of two laminw, connecting the dorsal end of the incom- 
pletely closed medullary canal with the external epiblast. This mode 
of development will best be understood by an examination of fig. 270, 
where the two roots of the vagus nerve (ey) are shewn out 
from the neural band, Shortly after this stage the neural 
becoming separated from the epiblast, constitutes a crest attached to 
the roof of the brain, while its two laminw become fused. The 
relation of the cranial nerves to the brain then becomes exactly the 
<_< as that of the posterior roots of the spinal nerves to the spinal 


It doos not possible to decide whether the mode of development: 
Gf the arnnial acres to tho Chick, or thet of the postertor ro0tsae ah 
spinal nerves, is the more primitive. The difference in a 
between the two sets of nerves probably depends upon the ive 
time of the closure of the neural canal. The neural crest clearly belongs: 
to the brain, from the fuect of its remaining connected with latter: 
‘when the medullary tabe sepanstes from the external epiblast, 


* The optic nerves are for obvious reasons dealt with in connection with the deve- 
Jopment of the eye. 
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It ix not known whether the cranial nerves before the closure 
of the neural canal in other forms besides the Chick, 





P10, 270, TRANSVERSE BECTION THROUGH THE POSTERIOR PART OF THE 
HEAD OF AX EMBBYO CHICK OF THIRTY HOURS. 
hb. hind-brain; vg. vagus nerve; ep. epiblast; ch. notochord; 2. thickening of 
hypoblast (possibly »radiment of ihe paoksetgetal cody vals oath Aer Ribas 
pp. body cavity; 40. somatic mosoblast; 4f. splanchnic mesoblast; hy. hypoblast. 


The neural crest of the brain is continuous with that of the spinal 
cord, and on its separation from the central nervous axis forms on 
each side a commissure, uniting the posterior cranial nerves with the 

inal nerves, and continuous with the commissure connecting together 
the latter nerves. 

Anteriorly, the neural crest extends as far as the roof of the mid- 
brain’, The pairs of nerves which undoubtedly grow out from it are the 
third pair (Marshall), the fifth, the seventh and auditory (as a single 
root), the glossopharyngeal, and the various elements of the vagus 
(as separate roots in Hlasmolranchii, but as a single root in Aves), 
Marshall holds that the olfactory nerve probably also originates from 
this crest. It will however be convenient to deal separately with 
this nerve, after treating of the other nerves which undoubtedly 
arise from the neural crest, 

The cranial nerves just enumerated present in their further de- 
velopment many points of similarity; and the glossopharyngeal nerve, 
as it develops in Elasmobranchii, may perhaps be taken as typical. 


+ Marshall holds that the neural orest extends in front of the region of the optic 
esole, have boon unable completely to satiny myself of the correctness of this 


statement, In ay specimens the along the line 

the roof of the brain is much thickened, but what Marshall represents ax « pair of out~ 
srowths from i ike those of a trae nerve (No. a4, Pl. 3 fig. 6) appears to me in my 
specimens to be of the external epiblast; an i 

with the external epiblast on the complete separation of the brain from it, 
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cleft. A typical ial therefore, except 
eacarna’ ii talothooe to: the. belie, ke Revelop peessuty Mika tia 









are formed, in Seylliam, a series of five nerves down to respect~ 
ively the first, second, third, fourth and fifth ial arches, 
Vor aseh arch there ia thas one nerve, whoes course Has sioeuibaiean 


posterior margin of the preceding cleft ; a second anterior branch, forking 
over the cleft and passing to the arch in front, being later, These 
nerves are connected with the brain by roots at first to the dorsal 
summit, but eventually situated about half-way down the side, The 
foremost of them ix the glossopharyngeal. The next four are, as has been 


ryngeal (gf) and four branches of the vagus, the latter ly 
by a considerably greater number of strands from the ‘All the 
strands from the brain are united together by a thin commissure 


Herve, at a point whose relations to the branches of the 
certainly determined. 
With reference to the dorsal commissure, which is almost certainly 











|" Ueber d. Kopfoerven von Hexanelits,” ote., Jenainche Zeitschrift, Vol. wi 1871. 
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besrs, ekiek is probably tie Dears Hie ® part of the commissnre which 
conp 6 i inches o' v! ata si in the evolu- 
tion of the echt cha 5s es se 
the posterior visceral clefts 
were still present. ‘These 
hae of the vagus are 
probably partially preserved 
in the ramifications of the 
intestinal stem of the vagus 
(Gegenbaur). ‘The origin o 

the ventral commissure, con- 
tinued ns the intestinal 
branch of the vagus, has not 
heen embryologically worked 
out. 


The lateral nerve may 
very probably be a dorsul 
sensory branch of the vagus, 
whose extension into the pos- 
terior part of the trunk has 
beon due to the gradual back- 
ward elongation of the lateral 
line’, causing the nerve sup- 
plying it to elongate at the 
same time (vide Section on 
lateral line). 

In the Chick the com- 
mon rudiment for the vagus Fig, 971. Vurws ov me mean oF Exaswo- 
and Slomopbaryapeal NELVES —WHANCH EMUNYOS AT TWO STAGES AS TRANSPARENT 
(Marshall), which has already — omsners. 





been spoken of, subsequently 
divides into two parts, an 
anterior forming the glosso- 
pharyngeal nerve, and a 


ag dr Pristiurus embryo of the same wage os fy, 


B. Somewhat older Scyllium embryo. 
iT, third nerve; V. fifth nerve; VIS. seventh 
nerve; avn. auditory nerve; gl 


posterior forming the vagus + fb. fore-brain 
nerve, rr ; hb. bind-brain; ier. 
_, The seventh and au- ad 
oy Blecatalle eo fates - Botochord: ht. heart: Fe. veoral 
eg. extern Is; pp. sections of 
observations there is a com- cavity the taet eee pn 
mon rudiment forthe seventh 
and auditory nerves, This rudiment divides almost at once into two 
branches. The anterior of these pursues a straight course to the hyoid 
arch (fig, 271 A, VZ7.) and forms the rudiment of the facial nerve; the second 
of the two (fig. 271 A, au.n), which ix the radiment of the auditory nerve, 
develops a ganglionic enlargement and, turning backwards, closely hugs 
the ventral wall of the auditory involution (fig. 272). 
The seventh or facial nerve soon becomes more complicated. It early 
develops, like the glossopharyngeal and vagus nerves, a branch, which 


‘ ‘The peculiar distribution of branches of the fifth and seventh nerves to the Interal 
line, which is not uncommon, is to be explained in the same manner, 
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forks over the cleft im front (spiracle), and supplies the mandibular arch | 
(fg. a7 ee ee “t 


hl 
i 
3 
: 
; 
: 
: 
Bs 


ent 
Bg 
: 
: 
A 
E 
: 
: 
3 
fi 
iT 


fifth nerve.” This branch of the seventh nerve appears to the 
sort of relation to the su) waxillary branch of the fifth 
Leg ae ophthalmic branch of the seventh does to the ophthalmic branch 
he 


Both the root of the aes fp Sia brunches are linted. 

The audit nerve is pro! to be regarded ax a ially differen- 
tiated part Ex dorsal branch of the seventh, while the ophthalmic branch 
may not improbably be a dorsal branch comparable to a dorsal branch of 
one of the spinal nerves, 


Two other branches very soon become devel 
ished iu my original uccount. The denswl one takes a courye 


and unites with the third nerve, where the ciliary ganglion is 
(Marshall). This branch is usually called the ophthalmic branch rss 


Later than these two branches there is developed a third branch, 
to the front of the mouth, and forming the superior maxillary branch 
the adult (6g, 271 B). 

Of tho branches of the fifth nerve the main mandibular brinch is 


+ the cre enaches of he ramus eptithaiminas spertialia wer apten of th 
Fishes, ‘The nomenclature ia the text Ls Sebwelbe's, which Sa peobebly snoee oorreot 


ine. 
* Marshall thinks that this nerve be the remains of the commissure 


the of the third and ‘This be 
payne Toots nerves, suggestion can only 


: . lll 
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obviously comparable to the main branch of the posterior nerves. ‘The 
superficial ophthalmic branch is clearly equivalent to the ophthalmic branch 
of the seventh. The superior maxillary is usually held to be equivalent to 
that branch of the posterior nerves which forms the anterior limb of the fork 
over a cleft, The similarity between the course of this nerve and that of 
the palatine branch of the seventh, resembling us it does the similar course 
of the ophthalmic branches of the two nerves, suggests that it may perhaps 
really be the homologue of the palatine branch of the seventh, there being 
no wh ae of the typical anterior branch of the other cranial nerves, 

nerve. Our knowledge of the development of the third 
eee is jeoha due to Marshall. He has shewn that in the Chick 
there is developed from the neural crest, on the roof of the mid-brain, an 
outgrowth on euch side, very similar to the rudiment of the posterior nerves. 
‘This outgrowth, the of which F can confirm, he believes to be the 
third nerve, but although he is probably right in ‘this view, it must be 
borne in mind that there is no direct evidence on the point, the fate of 
the outgrowth in question not having been satisfactorily followed. 

At a very considerably later period a nerve may be found springing 
Jrom the floor of the mid-brain, which is undoubtedly the third nerve, and 
which Marshall supposes to be the above rudiment, which has shifted its 
position. It is shewn in Seyllium in tig, 271 B, Ti. A few intermediate 
stages between this and the earliest condition of the nerve have been im- 
perfeetly traced by Marshall. 

‘The nerve at the stage represented in fig. 271 B arises from @ ganglionic 
bela “vans as a long slender stem almost horizontally backwards, then 

ev aialr ontwards to reach the interval between the dorsal ends of the 
second head cavities, where it expands into a small gangli 
th ganglion, as first suggested by Schwalbe ie 359), and sutequently 
proved embryologically by Marshall, is the ciliwry ganglion. 
ciliary ganglion two branches arise ; one branch continuing the main ae 
of the nerve, and obviously homologous with the main branch of the other 
nerves, and the other passing directly forwards “along the top of the first 
heud cavity, then along the inner side of the eye, and finally terminating 
at the anteriur extremity of the head, just doreal of the olfactary pit.” 

‘The partial separation, in many forms, of the ciliary gunglion from the 
stem of the third nerve has led to the erroneous view (disproved by the 
researches of Marshall and Schwalbe) that the ciliary ganglion belongs to 
the fifth nerve, The connecting branch of the fifth nerve often becomes 
Soper continuous with the at fs branch of the third nerve, and the 

robably constitute the nerve known ax the mumus oph- 
thaleniess Spee Bead (Marshall), Farther embryological investigutions 
‘will be required to shew whether this nerve is hawabaeak with the nasal 
branch of the fifth nerve in Mammalia. 

Relations of the nerves to the head-cavities. ‘The cranial nerves, 
whose percent has just been given, bear certain very definite relations 
to the mesoblastic structures in the head, of the nature of somites, which 
are known as the head-cavities, Ench cranial nerve is typically placed 
immediately behind the head-cavity of its somite. Thus the main branch 
of the fifth nerve lies in contact with the posterior wall of the mandibular 
cavity, as shown in section in fig. 272 ¥. 2pp and in surface view in fig. 271 ; 
the main branch of the seventh nerve occupies a similar position in relation 
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nepyesy cavity; and, 4s Marshall has recently shewn, pee 

ird nerve adjoins the posterior border of the front ca 

by me as the 

Owing to the carly conversion of 

walls of the head-cavities into 

pr porigpemepe sy ahs nerves are 
ite so clear as in the case of — 

wae cavities, as far as 

known, they are precise! Psp 


Anterior nerve-roots * the brain, 
During my investigations on the de- 
velopment of the cranial nerves I was 
unable to find any roots con 
the anterior roots of the spinal 
and Patera an hypothesis (1 
by bsence of unterior 4 
in Atophiones') that ihe bead ail Goa trunk 
hind become differentiated from each other 
at astage when mixed motor aud sensory 





Pio, 272. Traxavense action 
TRROVOM THE FRONT YART OF Tite 


HEAD o 4 YouxG Paistruncs emonyo. 
The section, owing to the cranial 
flexure, cuts both the fore- and the 
hind-brain, It shows the ae 
dibalar and mandibalar cavities 
Ipp und 2pp, ete. 
fore bran 1 tens of eyo; m, 
fe teria * ist Os 


wal sorta; ace, anterior eardion! win; 


posterior roots were the only roots pre 
foul wd I supposed a the stone) and 
Spinal nerves to bave nt 
evolved from a common pesky! 
the resulting types of nerves being so 
different that no roots strictly compares 
with the anterior roots of 
were to be found in te crane aera 
The views put forward by me on thin 
subject, though accepted by Schwalbe 
(No. 357), have in other quarters not 
met with much favour, iedersheim 
holds that it ix impossible to believe that 


ertnial nerves are simpler than the 


ch. notochort. 

spinal nerves, Such simplicity, which is 
clearly not found. I have never asserted to exist ; I have only stated that the 
cranial nerves, in acquiring the complicated character they have in the adult, 
do not develop anterior roots comparible with those of the spinal nerves, 
eiAeeal. alan atrone" genie 30s to my views and has made aun observa 

Ons the em, leading to some nt 

results, which aT enesul Repreieis and I will then explain i fee 
corning them, 

The most important observation of Marshall on this subject concerns 
the sixth nerve. In both the Chick and Scyllium be has detected a nerve 
(the first development of which bas unfortunately not been made out) 
arising by a series of roots from the base of the hind-brain, By tracing 
this nerve to the external rectus muscle of the eye he has satisfactorily 
identified it ax the sixth nerve, “ Neither in the nerce nor in ite roots are 
there any ganglion cella.” This nerve he finds to be pliced vertically below 


1 Schneiiter holds that anterior root are present in Amphioxus, but T Teeve been 
vunabie to satiay imyoel! of thelr presence. ™ 
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the roots of the seventh nerve; and it is not visible till much later than 
the cranial nerves above described. 

In addition to this nerve Marshall has found, both in the third nerve 
and in the fifth nerve, a series of non.gangliated roots, which arise in a 
manner not yet satisfactorily elucidated, considerably later than, and in front 
of, the main roota, These roots join the gungliated roots on the proximal 
side of the ganglion or in the ganglion’; and Marshall believes them to 
be homologous with the anterior roots of spinal nerves, while he holds the 
sixth nerve to be an anterior root of the seventh nerve. 

In addition to these nerves Marshall holds certain ventral roots, which 
occur in Elusmobranchs close to the boundary of the spinal cord and medulla, 
and which probably form the hypoglossal nerve of higher types, to be 
anterior roots of the vagus. It is very difficult to prove anything definitely 
about these nerves, but, for reasons stated in my work on Blasmobranch 
Fishes, 1 am inclined to regard them as anterior roots of one or more 
spinal nerves. 

Before attempting to decide how far Marshall's views about the so-called 
anterior roots of the seventh, the fifth and the third nerves are well founded 
it will conduce to clearness to state the characters and relations of the two 
roots of spinal nerves. 

The posterior root is (1) always purely sensory; (2) it always develops a 
ganglion. The anterior root is (1) always purely motor; (2) it always joins 
the posterior root be/ow the gunglion, except in Petromyzon (though not in 
Myxine) where the two roots are stated to be independent, 

How far do Marshall's anterior and posterior roots of the cranial nerves 
exhibit these respective peculiarities? 

With reference to the sixth and seventh nerves he states “we must 
regard the sixth nerve as having the same relation to the seventh that the 
anterior root of a spinal nerve has to the posterior root.” On this | would 
remark (1) that the posterior root of this nerve is a mixed sensory and motor 
nerve and therefore differs in a very fundamental point from that of a 
spinal nerve; (2) the sixth nerve though resembling the anterior root of a 
spinal nerve in being motor and without a ganglion, differs from the nearly 
universal arrangement of spival nerves in vot uniting with the seventh, 

With reference to the fifth nerve it is to be obyerved that it is by 
no means certain that the whole of the motor fibres are supplied by the 
socalled anterior roots, und that these roots differ again in the most 
marked manner from the anterior roots of spinal nerves in joining the 
main root of the nerve above (nearer the brain), and not as in a spinal 
nerve below the ganglion, The ganglinted root of the third nerve ix 
purely motor’, and its so-called anterior roots again differ from the anterior 
roots of spinal nerves, in the same manner as those of the fifth nerve, 

With reference to the glossopharyngeal and vagus nerves I would 
merely remark that no anterior root has even been suggested for the 

baryngeal nerve and that the posterior roots of both these nerves 
contain a mixture of sensory and motor fibres. 


* These non-gunelinted root of the fifth nerve are not to be confounded with the 
motor root of the fifth nerve in higher types. They appear to form the anterior root of 
the adult which gives origin to the ramus ophthalmicus, 

¥ If Marshall's view about the ramus ophthulmicus profundas (p. 879) ts correct, the 
third must still be, ax it no doubt was primitively, a mixed motor and sensory nerve, 
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ly motor) being alee i ee 

ns that the starting-point of their dil ition 

ith a single dorsal root; and that they did not therefore 

i nerves built on the same type ax the spinal nerves: 

motor roota. The presence of such non- 

third and fifth nerves is not a diffieulty 

. Couridering that the cranial nerves are more highly differen 

spinal nerves, and have more complicated functions to, 

surprising if there had not been developed non. fi 

analogous to, but not of course homologous with, the anterior roots 
of the spinal nerves’, 


ai 


Hi 


tion in the series can be determined; but it appeans to 
that it is a product of the differentiation of the seventh 


The fourth nerve, No embryological investigations have been made 
with reference to the fourth nerve. It is possible that it is a segmental 
are pamerabhe wilh the thin neces, ead Sit he ee 

segment to which it belongs ix the superior oblique m 
TE hig tha‘cnee shiva tases have been fem praia ibalaciearsl mann 
that ing to the third nerve, and that bel to the fourth nerve, 
Against this view of the fourth nerve is the fact, with force by 
Marshall, that the superior oblique muscle is in front of other eye 
museles, and that the fourth nerve therefore crosses the third nerve to 


ee . - ¥ 

Olfactory nerve. t was shown in my on Elas- 

mobranch fishes the olfactory nerve grew out Porson 5) == in the 

same manner aa other nerves; and all (No. 355), to whom we are 

indebted for the greater part of our knowledge on the develo) of this 

herve, hax proved that it urixes prior to the d olfactory 
‘The earliest in the development of the nerve have not been 


the 
crest is continued in front of the optic vesicles, and holds that this fact 


summit of the speedometer i oars ik ance. cat SSS 

i epiblast forming first rudiment ¢ olfactory 
which it soon becomes wnited. bie 
the 


or the adult, is a clear indication, to vaindl that tho mammnatiad 
the roots of the fifth nerve has been wired, a fact which 
fe most striking confirmation of my views a4 to the differences the cranial 
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The growth of the cerebral hemispheres causes its point of insertion in 
the brain to be relatively shifted; and on the development of the olfactory 
lobes (vide Be 366) it urises from them (fig. 273), In Elasmobranchs there 
is a large development of 
ganglion cells near its root. 
From Marshall's figures 
these appear also to be 
present in the Chick, but 
they do not seem to have 
been found in other forms. 
Tn both Teleostei and Am- 
phibia the olfactory nerves 
are at first extremely short. 

Marshall holds that the 
olfactory nerve is a seg- 
mental nerve equivalent to 
the third, fifth, seventh ete, 
nerves. It has been al- 
Bont aes that oe) oy Fro, 273, Seerion THROvER = BBALN agit os 
opinion igit ye «FACTORY ORGAN OF AN ExwnTO oF BerLirom. 
eltuctory nerves from the  f*l from figures by Marshall and myself.) 
forebrain, which Chatto, Kamera dieters: le, eit wal: 
bo the ganglion of the pre- tory nerve, ‘The reference line has been accidentally 
oral lobe, negatives this taken through the nerve to the brain; pn, pineal 
view. The mere fact of sland. 
these nerves originating as 
an outgrowth from the central nervous system ix no argument in favour of 
Marshall's view of their nature; and even if Marshall's opinion that they 
arise from the neural crest should turn out to be well founded, this fact 
would not prove their segmental nature, because their origin from this 
crest would, a indicated in the next paragraph, merely seem to se bo kaG that 
they primitively arose from the lateral borders of the nerve-plate from 
which the cerebrospinal tube has been formed, 

of the dorsal roots of the cranial and spinal nerves. 
‘The probable patel of the origin of nerves from the neural crest has 
already been briefly given (p. 262), It is that the neural crest represents 
the original lateral borders of the nervous plate, and that, in the mechanical 
folding of the nervous plate to form the cerebro-spinal canal, its two lateral 
borders have become approximated in the median dorsal line to form the 
neural crest. The subsequent shifting of the nerves Tam unable to explain, 
and the meaning of the transient longitudinal commissure connecting the 
nerves is also unknown, ‘The folding of the neural plate must have 
extended to the region of the origin o ih die elbsiacoy ipecenac tect Geeks 
just stated, there would be no special probability of the olfactory nerves 
to the same category as the other dorsal nerves from the fact of 
their springing from the neural crest, 
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‘Bisviocrarny or tHe PertraeraL Nervous System. 


{351 FM Balfour, On the devulopment ofthe spinal nerves in Blastwobranch 


er lege Vol, reais vide alno, A monograph on the 
ga 8 W. His, onic Ang a poviplectostoc: Narrnapana.© sete 

ang) Aeal A.M. (ral, Oe the ay ge of deepen of the mero 
ise) AM aa M. Marshall, * ‘The’ devuiopinent of the cranial nerves in the Chick,” 

Guar 4. of Mic. Scene, 1878, 

Mass) ton: Marshall | the qe) of the vertebrate olfsctory organ.” 

imalatoeee oe thtarshal Son ‘the head-cavitics and associated nerves in Elusmo- 


r. Science, Vol. xxt. 1841, 
wn dae c. oBchiwalbo i “Das Ganglion oculomotorii.” Jenaleche Zeitechrift, Vol. 


Sympathetic nervous system. 

The discovery that the spinal and cranial nerves r with 
their were formed from the epiblast was Tat cnet onrde 
extended to the sympathetic nervous opie which has now been 
shewn to arise in connection with the spinal and cranial nerves. The 
earliest observations on this subject were those contained in my 

Monograph on Elasmobrauch Fo (p. 178), while Schenk and 
es EEF 361) have since arrived at the same result for Aves 


ee my account of the development of these ganglia, it is stated that 
they were first met with as small masses situated at the ends of 
short branches of the spinal nerves (fig. 275 sy.g). More recent inves- 
tigations have shewn me that the sympathetic ganglia are at first 
simply swellings on the main branches of the co nerves some way 
below the ganglia. cir situation may be 
understood from fig. 274 sy.g, which bie 
lwowever to a somewhat later paren ee 
quently the sympathetic ganglia ie 
moved from tas main stem of their 
ae. ee Eoxaee veh ie a br 
ose stems by a short branc! 
T have been unable to find Bye a0. 
commissure connecting them i ‘in their early 
stages; and I presume that they are at first 
independent, and become beleig ree 
into a continuous cord on each 
‘be observations of Schenk and Birdsell 
on the Mammalia seem to indicate that the 


Servs son eea pEmessaDsae main parts of the sympathetic system po 
OANORIA URLONGING TO THEM. v. eee with the posterior 


"oc hielo thay ah aw hatin the neck od 
ree rts the sympathetic Is arise as a 
Me aiden pees gang! sil apci The observa- 


NERVOUS SYSTEM OF THE VERTEBRATA, 385 


tions on the topographical features of the development of the sym- 
pathetic system inbiagtor types are however as yet very peter 





Fro, 275, Tnexsvensn sxoviow THMOUGM YR ANTERIOR PART OF THE TRUNK OF AN 
‘BMMRO OF ScvAIUM SLIGHTLY OLDER THAN ¥I@, 29 B, 


iat dare he ee is mere ae 
sw 7 
two posterior roots, = aa! 


‘spinal cord; sp.g. ganglion of posterior root; ar. anterior root ; dn, 
fe veh pond ig toc ‘ior root; mp. muscle plate; "part of mi 


; 7 
‘ganglion ; a9 cardinal vein} op. spinal narra; sd negmenial( re ) 
$ st. segmental tube; du. duodenum; pan. pancroas; hp.d, point of j of 
‘hopatic duct with duodenum ; ume, umbilical canal, 
BE I 25. 
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The later history of the sympathetic ganglia is intimately bound 
up with that of the so-called supra-renal bodies, which are dealt with 
in another chapter. 
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CHAPTER XVI. 
ORGANS OF VISION. 


In the lowest forms of animal life the whole surface is sensitive 
to light, and organs of vision have no doubt arisen in the first 
instance from limited areas becoming especially sensitive to light in 
conjunction with a deposit of pigment, ns-like structures, formed 
either as a thickening of the cuticle, or as a mass of cells, were sub- 
sequently formed ; but their function was not, in the first instance, to 
throw an image of external objects on the perceptive part of the eye, 
but to concentrate the light on it. From such a simple form of 
visual organ it is easy to pass by a series of steps to an eye capable 
of true vision, 

‘There are but few groups of the Metazoa which are not provided 
with optic organs of greater or lesser complexity. 

In a large number of instances these organs are placed on the 
anterior part of the head, and are innervated from the anterior 
ganglia. It is Feels that many of the eyes so situated may be 
TnodiGcations of 2 common prototype. In other instances organs of 
vision are situated in different hae of the body, and it is clear 
that such eyes have been dndapees ently evolved in each instance. 

The percipient elements of the eye would invariably appear to be 
cells, one end of each of which is continuous with a nerve, while the 
other terminates in a cuticular structure, or indurated part of the 
cell forming what is known as the rod or cone. 

The presence of such percipient elements in various eyes is there- 
fore no proof of genetic relationship between these eyes, but merely 
of similarity of function. 

Embryological data as to the development of the eye do not exist 
except in the case of the Arth: a, Mollusca and Chordata, From 
such data as there are, combined with study of the adult structure of 
the eye, it can be shewn that two types of development are found. 
In one of these the percipient elements are from the central 
nervous system, in other from the epidermis. The former may 
be called cerebral eyes. It is probable however that this distine- 
tion is not, in all cases at any rate, so fundamental as might be 
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supposed; but that in both instances the eye ‘it 
origin from the epidermis. In the eyes in which the retina is eon- 
tinuous with the central nervous system, these two organs were 
probably evolved simultaneously as differentiations of the epi 

and continue to develop together in the ontogenetic of the 
€ 


rye. 

Some of the eyes in which the retina is formed from the epider- 
mis have also probably arisen simultaneously with part of the central 
nervous system, while in other instances they have arisen as later 
formations subsequently to the complete establishment of a central 
nervous system. 

Colenterata. The actual evolution of the eye is best shewn in 
the Hydrozon, The simplest types are those found in Oceania and 
Lizzin’, In Lizzia the eye is placed at the base of a tentacle 
and consists of (fg, 276) a lens (2) and a percipient bulb (oc). 


nucleus, a ‘ipheral a 
hardly “iffoateten Bh and Ape 
continuous with (3) ganglion cells at the of 


The eye of Oceania ix simpler than that of Lizzin 
hee ieiger bees eon Claus has shewn that in 
Chary! amongst Acraspeda a more 
differentiated eye is present, with a lens of 

a cell like the vertebrate eye. 
Sst oe Reason Mollusca. In a large number of the odon- 
{From Lakester; awe tophorous Mollusca eyes, innervated by the: 
Hortwig.) cee ary, ganglia, are present on the dorsal 
ime: side of the head. These eyes exhibit very various 
degrees of complexity, but are shewn both by 
their structure and development to be modifications of a common 


The simplest type of ne is that found in the Nautilus, and 
although the possibility of this eye being degenerated must be borne 
in mind, it is at the same time very interesting to note (Hensen) 
that it retains permanently the early embryonic structure of the eyes 
of the other grow 

Tt has (fi; rot A) the form of a vesicle, with a small opening in 
the outer wall, placing the cavity of the vesicle in free communication 


tangOr Amt B. Hertwie. Dar Nereemystom w. Sinacingune d Medancn, Leipsi, 





) | 


iy bare taken its 
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with the exterior. The cells lining the posterior face of the vesicle 
form a retina (#2); and are continuous with the fibres of the optic 
nerve (N.op). We have no knowledge of the development of this 
e 


ye. 

In the Gasteropods the eye (fig. 277 B) has the form of a closed 
vesicle: the cells lining the inner, side form the retina, while the outer 
wall of the vesicle constitutes the cornea. A cuticular lens is placed 
in the cavity, on the side adjoining the cornea. This eye originates 
from the ectoderm, within the velar area, and close to the supra-ceso 
peme ganglia, usually at the base of the tentacles, According to 

b1 (Vol. 1, No. 268) it is furmed as an invagination, the opening 
of which soon closes; while according to Bobretsky (Vol. 1. No. 242) 
and Fol it arises as a thickening of the epiblast, which becomi 
detached takes the form of a vesicle. It is quite possible that bot! 
types of development may occur, the second being no doubt abbre- 
viated, The vesicle, however formed, soon acquires a covering of 

igment, except for a small area of its outer wall, where the lens 
enn formed as a small body projecting into the lumen of the 
vesicle. The lens seems to commence as a cuticular deposit, and 
to grow by the addition of concentric layers. The inner wall of the 
vesicle gives rise to the retina. 

The most highly differentiated molluscan eye is that of the 
Dibranchiate Cephalopoda, which is in fact more highly onganized 
than any other invertebrate eye. 

A brief description of its adult structure’ will perhaps vender more clear 
my account of the development. The most important features of the vye 
are shewn in fig. 277 C. The outermost Inyer of the optic bulb forms a kind 


Gep C 





ep 
Fro, 277, Tune prionooraric sxcrioxs oF in kvEs oF Monuusca, 
(Alor Gronacher.) 


‘A. Nautilus, B, Gasteropod (Limax or Helix}. C. Dibranchiate Cephalopod. 
Pal. eyelid; Co, cornea; Cv.ep. epithelium of ciliary body; Tr. iris; Int, Int! 
Int!, different parts of the integument; + C. outer it of lens; A. retina: 
N.op. optic nervo; G.op. optic ganglion; 2, inner layer of rotina; N.S. nervous stratum 

of retina, 







1 Vide Hennen, Zeit. f. wire. Zool. Ba, xe, 
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ee eee Posteriorly the 

the cartilaginous which encloses the ganglion ere 

Seis east af ue ce saa 

a ce atin flee elle eel th digo) ial A 
optic chamber, This chatuber in continued back on exch side 


thero are placed (1) the anterior part of 
the bes ean 5 te a a of het ints (Ir). The whole chamber, 

the part form Tens, is lined by the epidermis (Jut 1 and Int 
Bounding the Bae wie ot Xi antarioe opted amber is a layer which | 
calted the choroid (/f 1) which is continued anteriorly into the fold of t 
iris (/r). The most superficial layer of the choroid ix the ee 
ly mentioned, next comes a layer of eee placed aly ae 
the argentea externa, then a layer of muscles, and 
interna. The argentea interna abuts on a etl te 

cosplney invests the inner part of the eye. 

e lens is @ nearly spherical body composed of concentric Iamelle of 
& structureless material. Is ts farmed of'« snail outer tt)ians Seo 
(O segment, the two being separated by a thin membrane. It is supported 
by « 1" projection of the wall of the optic cup, known as the ciliary 
body (Co.ep), inserted at the base of the iris, and tty od of acm 
fees OR sree This body is however muscular, and presents a series 
of folds on its outer and inner surfaces, which are especially 
on the latter. 
The membrane dividing the lens into two parts ix continuous with the 
ciliary body. Within the lens is the inner optic chamber, bounded in front 
by the lens and the ciliary body, and behind by the retina, 

The retina is formed of two main divisions, an anterior division adjoin- 
ing the inner optic chamber, and a posterior divixion (N.S) adie Se 
cartilage of the choroid, The two layers are separated by « 

Passing from within outwards the following layers in fhe retina sony ba 
distinguished = 





a) H neous membrane, rs 
HI persone } Anterior division of 
(3) Tier of granules = te in pigment. retina. 


(4) Cellular layer. 
(5) Connective tissue mei Posterior layer of retina. 
(6) Layer of nerve-fibres, ‘ 

At the side of the optic ganglion is a peculiar body, known as Ge wits 
body (not shewn in the figure), which has the histological characters of 
puadilae tissue. 

The first satisfactory account of the development of the 
due to Lankester (No. 365). The more important features e 
were also independently worked out Grenacher (No. + 
are beautifully illustrated in Bobretzky’s paper (No, 362 eye 
first as an oval pit of the cpibiare the las tt which is 
form ing rim (fig. 278 A). The ve ig 
the floor of the pit soon becomes considerably vekened. By 





i ll 
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growth inwards of the rim the mouth of the pit is gradually nar- 
rowed (fig, 278 B), resembling at this stage the eye of Nautilus, 
and finally closed, There 


is thus formed a flattened A 
sack, lined by epiblast, which 
may be called the primary fA. } 


optic vesicle. Its cavity ad 
eventually forms the inner 

optic chamber, The an- B 

terior wall of the sack is 
lined by a much less colum- 
nar layer than the posterior, ———— 

the former giving rise to the yg, ara ‘Two sucoss emnovom Tue ox: 
epithelium on the inner side yxrortso ere or 4 Cxrmacorop To sume Tin 
of the ciliary processes, the _Yonmatiox ov rm orric cur. (After Lankester.) 
latter to the retina. 

The cavity of the sack rapidly enlarges, and assumes a spherical 
form. At the same time a layer of mesoblast grows in between the 
walls of the sack and the external epiblast. Two new structures soon 
arise nearly simultaneously (fig. 279)—which become in the adult 








Fro, 279, TRANSVERAK SecrION THROWOM THE IXAD OF AX ADVANCKD 
raumnvo or Lantoo. (After Bobretzky:) 
als, salivary gland; g.es. visceral ganglion; ge. cerebral ganglion; g.op. optic 
stion; adk. optic cartilage; ak. and y. Interal cartilage or (?) white body; rt. retina; 
gm. limiting membrane of retina; rk, ciliary region of eye; ce. iris; ac. auditory 
sack (the epithelium lining the anditory sacks is not represented); we. vena cava; 
ff. folds of funnel; x. opithetinm of funnel. 


eye the iris (cc) aud the posterior segment of the lens. The iris is 
formed as a circular fold of the skin in front of the optic vesicle. It 
consists both of epiblast and mesoblast, and gives rige to a pit lined 
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at which 
sition of concentric layers of a horny material round this cone. ia 


puteiynmsaaresnnt ape s. cuioalsc shoo 
assumes a nea erik rm; and is composed 
concentrically arranged apie (fig, 280 AZ), =% 

While the lens is being formed, the ciliary epithelium of the optic 
vesicle becomes divided into two layers, an outer Jayer of large cells 
and an inner of small cells. Both layers are at first continuous across 
the anterior wall of the optic chamber in front of the lens, but soon 
become confined to the sides (fig. 280A, cc and gz). The inner layer 
is stated by Lankester to give rise to the muscles present in the 
adnit. The mesoblast cells also disappear from the region in front 
of the lens, and the outer epithelium is converted into a kind of 
cuticular membrane. By these changes the original layers of cells 
ie of the Sage reduced CF mere Seer 
which appears to ry to the appearance: anterior: 

tof the lens, Tie formation of the latter has not been fully 
followed out by any investigator except Bobretzky. His 
would seem to indicate that it is formed as a cuticular di in 
front of the membrane already spoken of (fg, 280 dele two. 
segments of the lens appear at any rate to be separated by a mem~ 
brane continuous with the ciliary region of the optic vesicle. 

Grenacher believes that the front part of the lens is formed in a pocket- 
like depression of the epiblastic layer covering the outer side of the optic ] 
cup; and Lankester thinks that the lens “pushes its way through the 
median anterior area of the primitive optic chamber, and projects into the 
second or anterior optic chamber where the iridian lie closely 
upon it.” 

While the lens is attaining its complete development there 
appears a fresh fold round the circumference of the eye, which 
gradually grows inwards so as to form a chamber outside the 
already nt, This chamber is the anterior optic chamber of the 
adult. tn most Ceph: (fig. 277 ¢) the edges of the fold do not 

ite meet, but leave a or smaller aperture leading into the 
ber containing the iris, outer segment of the lens, ete. In some 
forms however they meet and coalesce, and so shut off this chamber 


4 Devel. of Cephalopoda."” Q. J. Micro. Seien, 1875, p. 44. 


coan lll 
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from communication with the exterior. The edge of the fold consti- 

tutes the cornea while the remainder of it gives rise to the sclerotic, 
The retina is at first a thick Jayer of numerous rows of oval cells 


(fig. 279). 
towards its complete forma- 
tion iaement becomes de- 
posited in the anterior part 
of the retina, and a layer of 
rods grows out from the sur- 
face turned towards the cavity 
of the optic vesicle (fig. 280 A, 
st), Ata slightly later stage 
the retina becomes divided 
into two layers (Bobretzky), » 
thicker anterior layer, and a 
thinner posterior layer (fig. 
280 rt and rt”). The former 
is composed of two strata, (1) 
the rods and (2) a stratum 
with numerous rows of nuclei 
which becomes in the adult 
the granular layer with its 
pigment. The posterior layer 
gives rise to the cellular part 
of the posterior division of 
the retina, while layers of 
connective tissue around it 
give rise to the connective 
tissue of this portion of the 
retina (layer 6 in the scheme 
on p. 390). ‘The nervous layer 
is derived from the optic gan- 
glion which attaches itself to 
the inner side of the connec- 
tive tissue layer. 

The greater part of the 
choroid is formed from the 
mesoblast adjoining the re- 
tina, but the epithelium cover- 
ing its onter wall is of epi- 
blastic origin. 


When the inner segment of the lens is far advanced 





| (7 
| | \ ee pe 

Fro. 280, Sxorioxk TiovoH THE DaYE- 
torixa mvp or Lorioo ar two staors, (After 
Bobrotaky.) 

Al, inner segment of lens; el. outer seg- 
ment of lens; «aud a’. epithelium lining the 
anterior optic chamber; gz. large epiblast cella 
of ciliary body; er. sinall epiblast celle of 
ciliary body; ‘ma, layer of mesoblast between 
the two opiblastic layers of the cilinry body ; 
af. and if, fold of iris; rt. retinn; rt”. inner 
layer of retina; at, rods; aq, cartilage of the 
choroid. 


It is difficult to decide from development whether the Molluscan 
eyes, so far dealt with, originated in the first instance pari passu with 
PRG aiorietesophageal ganglia or independently at a later period. On 
purely d prior’ ground I should be inclined to adopt the former alter- 


native. 


In addition to the above eyes there occur amongst Mollusca highly 
complicated eyes, of a very different kind, in two widely separated groups, 


—— 


a) 


3H ONCHIDIUM AND PECTEN. 


viz, certain species fs nh thy have dub een certain Lamelli- 
dently of each jection ad coer Tn 
both of them the rods of a voinaset reel oop ie surface, and 


on dorsal ther big fire i og eeeneaeee 
the head. The eyes on the dorsal surface are formed of a cornea, a lens 
vomposed of 1—7 cells, and a retina surrounded by: it; which is 
perforated in the contre by an optic nerve, the retinal nts being in 
wp nea above mentioned, 

it of these eyes has heen somewhat im) studied in 
i i ty wns ber ne arise by a dif- 


entiate themselves, in sit, into the ero, and it cal then No 
explanation is offered by Semper of the inverted position of the rods, nor 
a 


any by his account of the development. As pointed out hy 
Semper eyes are no doubt modifications of the sensory epithelium 
of ihe pelle, 


e eyes of Pecten and Bessie! are placed on short stalks at the 
edge of the creer ae are probably modifications of the oe see 
cesies of the mantle ee Be 


Our knowledge of the structure or still more of the development of ae 
organ of vision of the Platyelminthes, Rotifera, and Echinodermata is 
seunty to be of any general interest. 


Chetopoda, Amongst the Clietopoda the alice of Alciope 
(fg 2 281) huve been Hein pee investi ae an sees pee by Greelf 

‘hese are provided with a large cutis lens (/), separated from the retinn 
i a wide cavity containing the vitreous bumour, ‘The retina is formed 
of a single row of cells, with rods at their free extremities, continuous at 
their opposite ends with nerve-fibres. The development of this eye has 
not been worked out. Eyes nof situated on the head are found in Polyoph- 
thalmus, and have ppobably been evolved from the more indifferent type 
of sense-organ found by Eisig in the allied Capitellidas, 


Chestognatha The paired cephalic eyes of Sagitta are spherical 
bodies in! Mb 1a, Ga pecarocia. They are or ator vee 


} Ueber Schorgane con Typue d. Wirbelthicrangen, ete., Wiesbaden, 1872, and 
Archie fib. dm see a 2y. pp, 118-129. . 5 


No. 364) 5. J. Hickson, “ The Eye of Poeten,” Quart. J, of 
Mey Seine, Wal 33 
O, Hertwig, "Die Chantognathen.” Jenaische Zeitschrift, Vol, xrv, 1880, 
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fe uie'ge & ‘with three lenses partially 


A satisfactory elucidation of the 
of ae Pte not yet been given, Las 
the types of eyes found 
in a ae) exception 


Pane as due rather to the 
character of the exoskeleton 
in a more or less 

way all the forms of 

visual organs, than to the de- 


eyes 
chamber filled with flui beeirian 
the lens and the ree cn 
Space in question is filled wit Fw, 281. Eve ov ax Azciorm (Nro- 
cells. This character marl as (Prom Gegenkanr; after 
i as those of Alciope cS ace e ee 


ws The noe tn of aa whic! 
In all simple eyes the corneal lens is formed 
sn cuticle. Such eyes are confined to the Tra- 


chia are three types of simple eyes. (a) A type in which 
= retinal cells are placed immediately behind the lens, found 
in the larvw of some Diptera (Eristalis), and also in some 








of simple eye found in some Chilopoda, and in some 

13, ete.) (6g. 282), the parts of which are entirely 

G epidermis. here is present a lens () formed as a 
eat the cuticle, a so-called vitreous humour (gl) formed of 
| hypodermis cells, and a retina (r) derived from the same 


on r Peripatus i# similar neither to the eye of the Arthropoda, nar to that 
‘bat resembles much more closely the Molluscan eye. The hypo- 


form & bighly convex. cornee, withla whieh is large optic 
. ces by the retina. The optic chamber would 


See ‘a structureless lens, but it is possible that what I regard axa lens 


fuller investigation, turn ont to be only a coagulum. 





= 
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'The eye of Astacus takes its ey from two distinct Lagat aha. 
i en 


external epidermis of the procephalic lobes which will be 3} 
as the epi mnie layes of the eye, @ 
a portion of the supra-asop 
ganglia, which will be spoken thas 
neural layer of the eye, The 
mesoblast is moreover the source of 
some of the pigment between the two 
above layers. The epidermic layer 
gives rise to the corneal lenses, the 
erystalline cones, and the pigment 
around the latter, The neural layer . 
on he Tat ai be to give rise wert; St Danson nae 
to the retinule with their rhabdoms, **%™7!0N8 oF ratns oF 4 comroonn 
and to the optic ganglion. pee pie basis 

After the separation of the supra. — B. Corneal facets. 
esophageal ganglia from the superficial © _T*0 segments of the eye, 
epiblast, the cells of tho epidermis in joqiSate" wth Shablomes maple 
the region uf the future eye become co- nerve; g. ganglionic swelling of optic 
Tumnar, and so form the above-mentioned nerve, 
epidermnic layer of the eye. This layer 
soon ae a mi Saennngrs deep. xu the — time the most 
Bay of ne jernIng su prices ageal ion becomes par- 
tially fcastlsted off from the Sesiainilee ry the ieenuegee of the po 
but is separated by a xmall from the thickened h of epidermis. 
Into this space some mexoblast cells penetrate at a slightly later period, 
Both the epidermic and neural layers next become divided into two strata. 
The outer stratum of the epidermic layer gives rise to the crystalline cones 
and Semper’s nuclei; each crystalline cone being formed from four coale-ced 
‘rods, developed aa cuticular differentiations of four cells, the nuclei of which 
mity be seen in the embryo on its outer side. The lower ends of the cones 

through the inner stratum of the epidermic disc, the cells of which 
Batons pigmented, and constitute the 4 ere cells surrounding the lower 
part of the crystalline cones in the adult, The outer end of each of the 
erystalline cones is surrounded by four cells, believed by Bobretaky to be 
identical with Semper's nuclei. ‘These cells give rise in a later atage 
{not worked out in Astacus) to the cuticular corneal lenses, 

Of the two strata of the neural layer the outer is several cella 
deep, while the inner is formed of elongated rod-like cells, Unfortu. 
nately however the fate of the two neural layers has not been worked out, 
though there can be but litle doubt that the retinulw originate from the 
outer Liver. 

The mesoblast which grows in between the neural and epidermic layers 
becomes a pigment layer, and probably also forms the perforated membrane 
between the crystalline cones and the retinule. 


The above observations of Bobretzky would appear to indicate 
that the paired compound eyes of Crustacea belong to the type of 





+ There would appear to be some confaaion as to the nomenclature of these parte in 
"# weoount, 
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cerebral eyes. How far this is also the case with the 
of Insects is uncertain, pai a esate oe eae eyes: 
may haye had an independent origi 

a relation between the peired and median eye otiuel Compa 
is also uncertain, 


Tn the genus Euphausia amongst the Schi: there is a series 
Sr epeatolaeed on the sides of rte thre an on en 
the abdomen, The structure of these eyes, though not hinder 
iad ot woul spear oe ery dierent fom that of « Arthropodan: 

organs. 


‘The Eye of the Vertebrata, In view of the various structures 
which unite to form it, the eye is undoubtedly the most pees 
organ of the Vertebrata ; and though its mode of 
fairly constant throughout the group, it will be convenient _ 
to describe what may be regarded as its TEay eo 
then to to a comparative view of its various 
parts, an To cater into greater detail with referenon to some Of tiaie 
At the end of the section there is an account of the accessory struc- 
tures connected with the eye. 

The formation of the eye commences with the appearance of a 
tthe! hollow out hs from the anterior cerebral vesicle or thala~ 

mencephalon, which arise in many instances, even before the closure 
of the medullary canal. These outgrowths, known as the optic vesi- 
cles, at first open freely into the cavity of the anterior cerebral 
vesicle. From this they soon however become partially constricted, 
and form vesicles (fig. 28+ a), united to the base of the brain by 

comparatively narrow stalks, 
the rudiments of the optic nerves. 
The constriction to which the stalk 
or optic nerve is due takes place ob- 
liquely downwards and backwards, so 
that the optic nerves open into the 
base of the front at of the thala- 
ancups pelea (Gg. 38 bee 


ic nerves, ogee ert lace 
7 ane “4 be lens, } acl ee 
. 284. Snertow rmation of the optic cup 
iS or ax xanmto THLZoerRa%, 70 walls of the primary optic vesicle. 
SRW SHE PORATION OP TEE OPTIC ‘The external or superficial epiblast 
Nie beth) which covers, and is in most forms in 
¢. fore-brain; a, optic vesicle; b, jonas iste cone ee mee 
stalk of optic vesicle; d. epidermis. jectii ion of optic 
ee aaa This thickened 
portion is then driven inwards in the form of a shallow open pil 
with thick walls (fig. 285 A, 0), carrying before it the front wall (r) 
of the optic vesicle. To such an extent does this involution of 
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superficial epiblast take place, that the front wall of the optic vesicle 
is Lome close up to the hind wall, = 

and the cavity of the vesicle becomes AL BR 
almost obliterated (fig. 285 B), 

The bulb of the optic vesicle is 
thus converted iuto a cup with double 
walls, containing in its cavity the 
portion of involuted epiblast. This 
cup, in order to distinguish its cavity 
from that of the original optic vesicle, 
is called the secondary optic 





Fro. 285. DisoRaMMaric SECTIONS 
ILLUSTRATING TH FORMATION OF THE 
e may, for the sake of yrs, (After Remak.) 


vesicle. 

brevity, speak of it as the optic cup; ——_ Im A the thin superficial epiblast h 
in reality it never is a uel rept in seen to be thickened nt, infront of 
it always remains widely open in {ie optic viel and irate ch has 
front, Of its double walls the inner already bagun to clove in, Accompany- 
or anterior (fig. 285 B, r) is formed ing this involation, which forma the 
from the front ace the outer or { peep etek meiberre! 
posterior (fig. 285 B,u) fromthe hind pushed against the back portion , 
portion of the wall of the primary and the  arigtnal cavity of the vesicle 
optic vesicle, The inner or anterior hus relaced In slze. | The stalk of the 
(r), which very ily becomes "In B the optic vesiclo is still farthor 
thicker than the other, is converted doubled in #o as to form a cup with & 
into the retina: in the outer or pos- pottrior wall w and an anterior wally: 
terior (u), which remains thin, pig- now com detached from the 
ment is eventually deposited, and it superficial epiblast xh. 

ultimately becomes the tesselated 

pigment-layer of the choroid. 

By the closure of its mouth the pit of the involuted epiblast 
becomes a completely closed sac with thick walls and a small central 
cavity (Gg. 285 B,/). At the same time it breaks away from the 
ext epiblast, which forms a continuous layer in front of it, all 

the original opening being lost. There is thus left lying in 
the cup of the peur optic vesicle, an isolated elliptical mass of 


epiblast. This is the rudiment of the lens. The small cavity within 


it ily becomes still less by the thickening of the walls, especially 
of the hinder one. 
At its first. ay ice the lens is in immediate contact with the 


anterior wall of the secondary optic vesicle (fig. 285 B). In a short 
time however, the lens is seen to lie in the mouth of the cup (fig. 
288 D), a space (vk) (which is occupied by the vitreous humour) 
making its appearance between the eas and anterior wall of the 


Tn order to understand how this space is developed, the position 
of the optic vesicle and the relations of its stalk must be borne in 


The vesicle lies at the side of the head, and its stalk is directed 
downwards, inwards and backwards, The stalk in fact slants away 


a 















400 CHOROID FISSURE. 


from the vesicle, Hence, when the involution of 
the direction in which the front wall of the 













y . 
a opsessita the! enc Alaa) S/he 
whole of the secondary vesicle. The subsequent condition is 
brought t through the rapid of the walls of the cup, 
This growth however does not take place 
" nally in all parts of the cup. ‘Tho walls 
the cup rise up all except that 
point of the circumference oh the pane 
adjoins the stalk. _ Myre rae me 

” increase rapidly in height. carrying so 
prea the lec vith them, at this spot, which 
in the natural position of the eye is on its 
“Nn ne we surface, t mates no eich. Thsoeght 

is eco trite agap ts 
this gap, wi Sch afterwards seh ae Sasa 
Fro, 286. Ducmamuaric of the choroidal fissure, a way is open 
the mesoblastic tissue surroundi 

. (From Lieberkuhn.) optic vesicle and stalk into the interior of 

- cavity of the cup, 2, 
the whole. bollow. of From the manner of its formation the 







ot ieee st gap or fissure is evidently in a line with the 
cup, and the axis of the optic stalk, and in order to be 
praaern eere h seen must be looked for on the under surtass 
We xabelog, “a of the optic vesicle. In this position it is: 
of the optic enp, readily recognised in the embryo seen as a 


t nt object (fig. 118 chs), 

Bearing in snind thees relations of Comnatnmal stalk, the 

reader will understand how sections of the optic vesicle at this ; 

present very different appearances according to the plane in 
the sections are taken. 


reese eset vier fern cndeniee see x 
pinoy Erma at Mads smth go = aribe dies 
(fig. . 















the a Bt 

fig. 288 D. the cavity 

vesicle, the remains of the fee fel , would all be 
ths pert pila of the b would also be shewn); 

would be nothing seen of either the stalk or the fissure, If on the | 
other hand the section were taken in a plane to the plane of 
the paper, at some distance above the level of the stalk, some such 
figure would be obtained as that shewn in fig. 288.’ Here the 


_ 


—~ 
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fissure f is obvious, and the communication of the cavity vh of the 
vesicle with the outside of the eye evident; the section 


of course would not go through the 
superficial epiblast, Lastly, a section, 
‘en perpendicular to the plane of the 
per Tel the line 2, ie, through the 
if, would present the appear- 
ances of fig. 288 F, where the wall of 
the vesicle is entirely wanting in the 
region of the fissure marked by the 
position of the letter f The ex- 
ternal epiblast has been omitted in 
this figure. 


With reference to the above description, 
taken with very slight alterations from the 
Hlements of Embryology, Pt. 1., two points 
require to be noticed. Firstiy it is ex- 
tremely doubtful whether the invagination 
of the secondary optic vesicle is to be 
viewed as an actual mechanical result of 
the ingrowth of the lens, Secondly it 
seems probable that the choroid fissure is 
nob simply due to an inequality in the 
growth of the walle of the se lary optic 
cup, but is partly due to a doubling up of 
the primary vesicle from the side along the 
line of the fissure, at the same time that 
the lens is being thrust in in front. In 
Mammalia, the doubling up involves the 
optic stalk, which becomes flattened (where 
by ite original cavity is obliterated) and 
Allesifldes Si.ca Stet, so, an to ibeeon 
a new central cay continuous with the 
cavity of the vitreous humour, And in 
other forms a phenomenon of the 
same kind is usually pemerratley ae as is more 
particularly described in the sequel. 

Before describing the development 
of the cornea, aqueous humour, ete. we 








Fro, 287, Dirorasoiaric me 
PRESENTATION OF THK EYE oF THE 
Curck oY AnouT Tite THIRD DAY AB 
SKE WINEX THE MMAD Is VIEWRD 
YROM UNDERNEATH AS 4 TRANS- 
PARENT ONJKCT, 

1 the lens; 7, the cavity of the 
lens, lying in the hollow of the 
optic cup; r. the anterior, u, the 
posterior wall of the optic apt 
the cavity of the primary opt 
vesicle now nary 0 iterated. by 

senreeaes) «has been drawn in 

sue oe thicker than r, it 

ave been thinner through. 

ne #. the stalk of the optic sha 
pe he ah I aes! 


d_ therefore 

out of focus; the dotted line in- 
dicates the continuity of the cavit 
seas bene ‘that of the 
mary Veni 

The re 2s, through which 
scppoet er bm kes paces 
su 
through the choroidal fissure. 


may consider the further arn of the parts, whose first develop- 


ment has just been described, commencin; 
the meso 


During the above chan; 
eup assumes the character 


with the optic eu 
Blast pesdciny the optic 
‘a distinct investment, where! 


the out- 


line of the cye-ball is definitely formed. The internal portions of this 
eae nearest to the ile become the choroid (i.e. the chorio- 


investment forms the sclerotic. 
B. EB. I. 


Ali 


pigment epithelium, as we have 
cup), and Bismens is 


remaining external portion of 


26 
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The complete differentiation of these two coats of the eye does 
pun cavity of tho original pio vennlo was loan Sa 
ie cavit) 1 ori optic vesicle was a A 
terated ween the two walls of the optic cup. By the end 
the third day the obliteration is complete, and the two walls are in 
immediate contact. ~ 
hte ee Mare tal gs 4 oe the ding idee see 
outer or posterior; and over the ter cup this contrast 
increases with the harown of dates Tievanterien yall becoming 
undergoing changes of which we shall have to 


markedly thicker ai 
directly (fig. 289). = 
Jn the front portion however, along, so to speak, the lip of the 
cup, anterior to a line whi ards becomes the ora serrata, 


both layers cease to take part in the increased thickening, accom- 
panied by peculiar histological changes, which the rest os By tay 


before lay in the open mouth of the cup, is now inclosed in its cavity. 
i portion of the cup or retina proper no deposit of 


aha wall of the vesicle; in = front ae ey oe 
of the iris, pigment is largely deposi roughout 
thongs’ Grit Of all in the’ onter ey ool tha eveerally 
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seems to become nothing more than a forward of the 
pigment epithelium of ihe choroid. Pedenen 

‘Thus, while the hind moiety of the optic cup becomes the retina 
proper, including the choroid-pigment in which the rods and cones 





ep. mpatidal epiblast of the side of the head; R. true retina: auieclor ‘wallet 

Ch. pigment-epithelium of the ‘choroid : posterior wall of tho 
the extreme lip of the optic eup at what will become the margin 
iris, 1. the lens. pat wall, the nuclei of whose can are shawn af ah 
now forms the whole mass of the long, the front wall reduced to a layer of 
flattened cells Beg poppe aren perce Peep operate 
choroid and sclerotic. It is seen to pass forward between the 


‘the iclal epiblast, 
Fina ttt on pan ma, 


aE 
Bee 


are imbedded, the front moiety is converted into the ciliary portion 
of the retina, covering the ciliary processes, aud into the uvea of the 
iris; the bodies of the ee pigremnges the substance of the iris, 
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‘The Retina. At first the two walls of the optic cup do 
differ in thickness. On the thind day the outer or rior bee 5 
ueh thinner than the inner or anterior, and by the middle of the 
fourth day is reduced to a single layer of flattened cells (fig. 289° 
BON: At sist the pies awoale Sees. to receive a 

igment, and eventui form the so- pig en! ithelin 
ut he hai; fom them ode teu tn re a 
e retina, if the pigment-layer in question rplihne to 
more truly to the rai than to the choroid) is derived. 

On the fourth day, the inner (anterior) wall of the optic exy 
(fig. 289 R) has a perfectly uniform structure, being pei 
elongated somewhat spindle-shaped cells. with distinct nuclei. On its 
external (posterior) surface a distinct cuticular membrane, the mem- 
brana limitans externa, early appears. 

As the wall increases in thickness, its cells multiply sae ees 
that it soon becomes several cells thick: each cell bemg e 
probably continued through the whole thickness of the layer. The 
wall at this stage ds closely in its structure with the brain, 
of which it may properly be looked upon as part. According to the 
usual view, which is not aneres fully supported by the i 
the retina pene divided 4 the oetary anh into Mieke: 

corresponding morphologically to ‘thelial lining of th 

seselne coal earn, compossi of What ioay be salied Gey aaa 
of the eye, fe the cells forming the outer granular (nuclear) 
and the rods and cones attached to them; and (2) an inner 
consisting of the inner granular (nuclear) layer, the inner ular 
layer, the gu lionic layer and the layer of nerve-fibres 
cD rpbaboe balls to the walls of the brain, According to Léwe, how~ 
ever, only the outer limbs of the rods and cones, which he holds to 
be metamorphosed cells, correspond to the epithelial layer of the 

in. 





‘The actual dovelopment of the retina is not thoroughly understood, 
According to the usual statements (Killiker, No. 298, ). 693) the layer of 
ganglion cells and the inner molecular layer are first dif 
while the remaining cells give rise to the rest of the retina proper, and 
are buanded externally by the membrann limitany externa, On the inner 
ai ganglionic layer stratum of nerve-fil early 
established. The rods and cones are formed ax longations (Kalltker, 
Babuchin), or cuticularizations (Schultze, W. Molter 
eventually form the outer granular layer. The layer of cell, external to 
the molecular layer is not divided till comparatively late into the inner 
and outer granular (nuclear) layers, and the interposed outer molecular 


Liwe's account of the development of the retina in the Rabbit is in many 
points different from the above, He finds that three stages in the differen- 
tiation tah ate teres Pelee a 

SOLE caver phage thy crip help coinyres o 
lay ano present, commencing outer adjoining 
Talk Ge Svatotcenlery ogi tai | 
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w A membrane, which does not however, as usually believed, 
become the membrana limitans externa, ‘ 

(2) A layer of clear elements, derived from metamorphosed cells, 
constituting the outer limbs of the rods and cones, 

(8) A layer of dark rounded elements. 

(4) An indistinetly striated layer, the future layer of nerve-fibres, 

The third of these lavers gives rise to ull the eventual strata of the 
retina proper, except the outer limbs of the reds and cones, 

In the next stage, when the embryo has reached a length of 2 om., this 
layer becomes divided into three strata: viz, an outer and inner layer of 
dark elements and a middle one of clearer elements. The two inner of these 
layers become respectively the inner molecular layer and the layer of gau- 
glion cells, while the outer layer gives rise to the parts of the retina external 
to the inner molecular layer. 

In the newly born animal the outer darker layer of the previous stage 
has become considerably subdivided. Its outermost part forma a stratum of 
darkly coloured elements, which develop into the inner limba of the rods 
and cones, It is bounded internally by a membrane—the true membrana 
elastica externa. The part of the layer within this is soon divided into the 
outer and inner ular layers, separated from each other by the delicate 
outer molecular free Thus, shortly after birth, all the layers of the retina 
ure established in the Rabbit. It is important to notice that, according to 
Léwe's views, the outer and inner limbs of the rods and cones are metamor- 
phosed cells. The outer limbs at first form a continuons layer, in which 
separate elements cannot be recognised. 

Ata very early period there appears a membrane on the side of the 
retina adjoining the vitreous humour. This membrane is the hywloid mem: 
brane. The tnvestigutions of Kessler and myself lead to the conclusion that 
it may be formed at a time when there is no trace of mesoblastic structures 
in the cavity of the vitreous humour, and that it is therefore necessaril 
developed as a cuticular deposit of the cells of the optic cup, Lieberkiihn, 
Arn we, other authors regard it however as a mesoblastic 
product; and Kalliker believes that a primitive membrane ix developed 
from the cells of the optic cup, and that a trae hyaloid membrane is deve- 
Joped much later as a product of the mesoblast. 

For fuller information ou this subject the reader is referred to the 
authors quoted above, 


The optic nerve, The optic nerves are derived, as we have snid, 
from the at first. hollow stalks of the optic vesicles, Their cavities 
gradually become obliterated by a thickening of the walls, the 
obliteration ing from the retinal end inwards towards the 
brain. While the proximal ends of the optic stalks are still hollow 
the rudiments of the optic chiasma are formed from fibres at the roots 
of the stalks, the fibres of the one stalk growing over into the 
attachment of the other, The decussation of the fibres would 
appear to be complete. The fibres arise in the remainder of the 
nerves somewhat later. At first the optic nerve is equally eon- 
tinuous with both walls of the optic cup; as must of necessity be 
the ease, since the interval which primarily exists between the two 
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walls is continuous with the cavity of the stalk. When the cavity 
within the optic nerve vanlstes, oud the Abree/of ie optic nerve 
oul 


appear, all connection is ruptured between the ; 
se pies ic nerve, and the optic nerve si perforates: 
t paecelreal poem penalise 

ere not to me any group loubting (as has been 
done by His and Raliiker) that the fibres of the optic nerve are 
derived from a differentiation of the epithelial cells of which the 
nerve is at first formed. 

Choroid Fissure, With reference to the choroid fissure we 
state that its behaviour varies somewhat in the different types. I 
becomes for the greater part of its extent closed, though its proximal 
end is always perforated by the optic nerve, and in many forms by a 
mesoblastic process also. 

The lens when first formed is an oval vesicle with a small central 
cavity, the front and hind walls being of nearly equal thickness, 
and each consisting of a single layer of elongated columnar cells, Tn 
the subsequent stages the mode of growth of the bind wall is of 
precisely an opposite character to that of the front wall, The hind 
wall becomes much thicker, and tends to obliterate the central cavity 
by becoming convex on its front surface. At the same time its cells, 
still pecsaluing. as a single layer, become elongated and fibre-like. 
The front on the contrary becomes thinner and thinver and its 
cells flattened. 

These modes of growth continue until, as shewn in fig. 289, the 
hind wall / is in absolute contact with the front wall ef, and the 
cavity thus becomes entirely obliterated. The cells of the hind wall 
have by this time become veritable fibres, which, when seen in section, 
yy to be arranged nearly parallel to the optic axis, their nuclei 
ul being seen in a row along their middle. The front wall, somewhat 
thickened at either side where it becomes continuous with the hind 
wall, is now a single layer of flattened cells separating the hind wall 
of the lens, or as we may now say the lens itself, from the front limb 
of the lens-capsule ; of the latter it becomes the epithelium. 

The subsequent changes undergone consist chiefly in the con- 
tinued elongation and multiplication of the lens-fibres, with the 
partial disa, ie of their nuclei. 

During their multiplication they become arranged in the manner 

istic of the adult lens of the various forms. The 
a8 was originally stated by Killiker, appears to be formed as a cuticu~ 
lar membrane deposited by the epithelial cells of the lens, 

The views of Lieberkthn, Arnold, Liwe and others, according to 
which the lons-capsule ix a mesoblastic structure, do not appear to be well 
founded. 'The contrary view, hold by Kolliker, Kessler, etc. is supported 
mainly by the fact that at the time when the first appears 
there are no mesoblast cells to give rive to it. It should however be stated: 
that W. Maller has actually found cellular elements in what be believes to 
be the lens-capsule of the Ammocete lena Considering the degraded 
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character of the Ammoco:te eye, evidence derived from its structure must 
be accepted with caution, 

The vitreous humour. ‘he vitreous humour is derived ea! 
in SL ae) from a vasetttar ingrowth, which differs considerably 
in different types, through the choroid slit, Its real nature is very 
much disputed. According to Kessler's view, it is of the nature of a 
fluid transudation, but the occasional presence in it of ordinary em- 
bryonie mesoblast cells, in addition to more numerous blood. co 
cles, gives it a claim to be regarded as intercellular substance, 
oumber of cells in it is however at best extremely small and in many 
ases there is no trace of them. In Mammals there appear to be some 
nesoblast cells invaginated with the lens, which are not improbably 
Sener in the formation of the vessels of the so-called membrana 
capsul porapiayis In the Ammoceete the vitreous humour originates 
from a distinct mesoblastic ingrowth, though the cells which give 
cise to it subsequently disappear. 

‘The development of the zonula of Zinn in Mammalia, which onght to 
oy pie Light un thé nature Of the. vitsoone iayanan’ Kaa nine eon Melly 
investigated, According to Lieberkiihn (No. 373, p. 43), this structure 
appears in half-grown embryos of the sheep and calf, 

He says “At the point where the ciliary processes and the ciliary 
part of the retina are entirely removed, one sees in the meridian bundles 
of fine fibres, which correspond to the valleys between the ciliary pro- 
cesses and fill them; also between these bundles there extend, as a thin 
layer, similar finely striated masses, and these would have been on the 
top of the ciliary processes.” He further states that these fibres may be 
traced to the anterior and posterior limb of the lens-capsule, and that 
amongst them are numerous cells. Kolliker confirms Lieberkiihn’s state- 
ments, There can be little doubt that the fibres of the zonula are of the 
nature of connective tiswe: they are stated to be elastic. By Liwe they 
are believed to be developed out of the substance of the vitreous humour, 
but this does not appear to me to follow from the observations hitherto 
made, It seems mute possible that they arise from mesoblast cells which 
have grown into the cavity of the vitreous humour, svlely in connection 
with their production, 

The integral parts of the eye in front of the lens are the cornea, 
the aqueous guar, and the iris, The development of the latter 
lias been described, and there remain to be dealt with the 
cormea, fad the cavity containing the aqueous humour, 

The cornea. The cornea is formed by the coalescence of two 
structures, viz. the epithelium of the cornea and the cornea proper. 
The former is directly derived from the external epiblast, which 
covers the eye after the invagination of the lens, The latter is formed 
in a somewhat remarkable manner, first clearly made out by Kess- 


tr, 
When the lens is completely separated from the epidermis its outer 
wall is directly in contact with the external epiblast (future corneal 
epithelium), At its edge there is a small ring-shaped space bounded 


408 THE CORNEA, 


the outer skin, the lens and the edge of the optic Tn the 
hice which we may take as typical, thre appears at abot the time 
when the cavity of the lens is completely obliterated a st n 
layer external to the above ring-like space and immediately adjoin 
the inner face of the epiblast. This layer, which forms the com- 
mencement of the cornea proper, at first only forms a at the 
border of the lens, thickest at its outer sie, aatl ideally Gaeta 
off to nothing towards the centre. It soon however becomes broader, 
and finall; @ continuous stratum of considerable thickness, 
int between the external skin and the lens, As soon as this 
stratum has reached « certain thickness, a layer of flattened cells 
grows in along its inner side from the mesoblast surance 
optic cup (fig. 290, dm). This layer is the epithelioid layer of the 





Fio, 290. Skeriox THRovGH THR EYE OF A FowL ON THE RIOITH DAY OF DKYELOP. 
MENT, TO SEW THK UKIS AND CORNEA EN THE PROCESS oF FORMATION, (After Kessler.) 
|. opiblastic epithelium of cornea; ee. corneal corpuscles into the stroe- 
ta matrix of the cornea; dm, Descetnet’s membrane; fr. iris; cb. mesoblast of 
the iris (this reference letter points a little too high). 
dhe The rpvce betwoen the layers dm. and cp. is filled with the structureless matrix of 
cornea. 


membrane of Descemet, After it’ has become bed a esta- 
blished, the mesoblast around the edge of the cornea becomes divided 
into two strata; an inner one (fig. 290 cb) destined to form the 
mesoblastic tissue of the iris already described, and an outer one 
(fig. 290 Ea adjoining the epidermis. The outer stratum gives rise to 
the corn which are the only constituents of the cormea 





strata become gradually thinner as the uscles invade a 
finally the outermost 

of them alone remains as the membrana elastica anterior and pos- 

terior (Descemet’s membrane) of the cornea. The corneal corpuscles, 

which have grown in from the sides, thus form a layer which becomes 

continually Sitaker, and gives rise to the maiu substance of the cornea, 


+ Tt appears to me ible that Lieberkahn be it in that the 
tire emir roe nrc ont the ope tds 


formation of the cornea and that Kessier’s account, 
Gi pian tape sleveaicas etia) tne ancetere oo tas oe nba 


rue) ail 
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Whether the increase in the thickness of the layer is due to the 
immigration of fresh corpuscles, or to the division of those already 
there, is not clear. After the cellular elements have made their way 
into the cornea, the latter becomes continuous at its edge with the 
mesoblast which forms the sclerotic, 


The derivation of the original structureless layer of the cornea is still 
uncertain, Kessler derives it from the epiblast, but it appears to me more 
bable that Killiker is right in regarding it as derived from the meso- 
Biase. The grounds for this view are, (1) the fact of its growth inwards 
from the border of the sorsoblast round the edge of the eye, (2) the peculiar 
relations between it and the corneal muscles at a later peri This 
view would receive still further suj if a layer of mesoblast between 
the Jens and the epiblust were really present as believed by Licberktihn, 
Tt must however be admitted that the objections to Kessler’s view of its 
ic nature are rather a priori than founded on definite observation. 
The observations of Kessler, which have been mainly followed in the 
above account, are strongly opposed by Lieberkiihn (No. 374) and Arnold 
No, 370), and are not entirely accepted by Kalliker. It is especially on 
development of these parts in Mammalia (to be spoken of in the 
sequel) above authors found their objections, I have had through 
Kessler’s kindness an opportunity of looking through some of his beautiful 
preparations, and have no hesitation in generally accepting his conclusions, 
though as mentioned above I cannot agree with all his interpretations, 
‘The aqueous humour. The cavity for the aqueous humour has 
its origin in the ring-shaped apace round the front of the lens, 
which, as already mentioned, is bounded by the external skin, the 
of the optic cup, and the lens. ay the formation of the cornea 
this space is shut off from the external skin, and on the appearance 
of the epithelioid layer of Descemet’s membrane a continuous cavity 
is developed between the cornea and the lens, This cavity enlarges 
and receives its final form on the full development of the iris, 


Comparative view of the development of the Vertebrate Eye. 


The organ of vision, when not secondarily aborted, contains in all 
Vertebrata the essential parts above described. The most interesting cases 
of partial degeneration are those of Myxine and the Ammocete, The 

tof such aborted eyes hax nx yet been studied only in the 
Ammocerte!, in which it resembles in most important features that of 
other Vertebrata, 

Eye of Ammocestes, The optic vesicle arises as an outgrowth of the 
fore-brain, but the secondary optic cup is remarkable in the young larva for 
its small size (fig. 291 opr). The thicker outer wall gives rise to the retina, 
and the thinner inner wall to the choroid pigment. The lens is formed 
as an invagination of the single-layered epidermis (fig. 291 1), As develop. 
eeatiprccoede the parts of the eye gradually enlarge, and the mesoblast 

the hinder and dorsal part of the optic cup becomes pigmented. 
There is at first no cavity for the vitreous humour, but eventually the 


+ ‘The most detailed account is that of W. Miller (No. 377): 
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of the optic rives rine to a space, into which « cellular process 
Sfmt gw ata it noteh in the ventral edge of the 
(W. Miller, No. 377). This notch is the only 


processus fe a 

irs to give rise to the ; 
Bir len time it retains its connection 
with the surrounding mesoblast. Its cells 
eventually disappear, and it never contains 
any vascular structures, 

The lens for a long time remains as 
an oval vesicle with a central ar 
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Pie, 291. Honrmowran sectiox Sat ister: Me ieee 


‘THROTOM THE HEAP OF A JUST ry the oe 
laremED txva or Pernowrzox forms of higher types (cf. fig. 289), can- 
Suewisa Tie DEVELOPMENT or tax SiAting of an inner thicker segment, the 
Lass OF THE EYE. tree jens and ea eatee ee 
the. thalamencephalon Ol ium capsule. 
plia:wesioley .b eos 9 ape, hn, the optic eu ony em eneete 
Leeail cavity. ment of the epiblast of the iris, is imper- 
fectly separated from the remainder of 


the optic cup; and a mesoblastic element of the iris, distinct from Desee- 
met’s membrane (dm), can hardly be spoken of, 

‘Thore is no cavity for the aqueous humour in front of the lens; and 
there is no cornea as distinct from the epidermis and subepi ic tissues. 
‘The elements in front of the lens are (1) the epidermis (ep); (2) the dermis 
(de); (3) the subdermal connective tissue (sdc) which passes without any 
sharp line of demarcation into the dermis; (4) a thick membrane, con- 
tinuous with the mesoblastic part of the choroid, which appears to represent 
Descemet’s membrane, The subdermal connective tissue is continued as 
an investment round the whole eye; and there is no differentiated sclerotic 
and only an rg ewaad choroid, 

Tn a still later stage a distinct mesoblastic element for the iris ix 
formed. When the Ammoceste ix bocoming a Lamprey, the oye 
the surface; an anterior chamber ix established; and the eye differs 
from that of the higher types mainly in the fact that the cornea is hardly 
distinguished from the remainder of the skin, and that a sclerotic is very 
‘imperfectly represented. 

vesicles. The development of the primitive optic vesicles, so 
far ax is known, is very constant throughout the Vertebrata. In Teleostei 
and Lepidosteus alone is there an important deviation from the 
type, dependent however upon the mode of formation of the 
keel, the optic vesicles while the medullary keel is still and 
being at first also solid. They subsequently acquire a lumen and 
the ordinary changes. 
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The lens. In the majority of groups, viz. Elasmobranchii, Reptilia, 
is 


formed by an open invagination of 
an ination 

the epibiea, Bee ‘Amphibia, Te- 
leostei and Lepidosteus, where the 
nervous layer of the skin ix early 
‘tablished, this layer alone takes 
part in the formation of the lens 
(fig. 2934} The lens is however 


bat its opening remains perma- 
nently shut off from communica- 
tion with the exterior by the epi- 
dermic layer of the epiblast. Gotte 
describes the lens as formed by a 
solid thickening of the nervous 
layer in Bombinator, This is jrro- 
babl; istuke, 





cornea, The mode of 
formation of the cornea alrendy de- 
scribed appears to be characteristic 
of most Vertebrata except the Am- 
mocete, It has been found by 
Kessler in Ave», Reptilia and 
Amphibia, and probably also occurs 
in Pir Iu Mawmals it is not 
however so easy to establish. There 
are at first no mesoblast cells be- 
tween the Jens and the epiblast (fig, 





Fra, 292. Exe ov ax Amtmocasres LYING 
BENEATH TH SKIN, 





‘There is no detinite boundary to this tissue 
whore it eurrounds the 


m, mnseles ; du caansbrapeot Descemely 


1. Jona; v.h. vitroons bumour; r. retina; 
rp. retinal pigment, 


295) but in many Mammals (vide Kessler, No. 372, pp. 91—94) a layer 
of rounded mesoblast cells, which forms Descemet's membrane, grows in 
between the two, at a time when it is not easy to recognise a 


lamina, ax distinct from a simple cogul 


um, 


‘After the formation of this layer the mesoblast cells grow into the 
corncal lamina from the sides, and becoming flattened arrange themselves 


in rows between the lamin of the cornea, The cornea 


itinues to increase 


in thickness by the addition of laminw on the side adjoining the epiblast. 

We have already seen that in the Lamprey the cornea is nothing else 
but the slightly modified and more transparent epidermis and dermis. 

The optic nerve and the choroid fissure. It will be convenient to 
consider together the above structures, and with them the vascular and 
other veo which pass into the cavity of the optic cup through the 
choroid fissure. These parts present on the whole a greater amount of 


variation than any other 


parts of the eye. 


T commence with the Fowl] which is both a very convenient general 
type for comparison, and also that in which these structures have been 


moat fully worked out, 


During the third day of incubation there passes in thror 


the choroid 


alit « vascular loop, which no doubt supplies the transuded material for 


the growth of the vitreous humour. 


la 


Up to the fifth day this vascular 
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is the atrncture passing through the choroid slit, On this 
eae a Aes h oi which remains pe 
and is known as the pecten. It consists of a lamellar of the 


nigh 
nerve, and enveloping ‘of the afferent branch of the vascular 
Aimee ry Mile Prewiosal art af{ tha free edgy Gt ay peat 


il oF Wo MENT ads We velnced *o 6 core seam. There are however 
two parts of thix seam where the edges of the optic cup have not coalesced. 
The proximal of these adjoins the optic nerve, and permits the passage 
of the pecten and at a later period of the optic nerve ; and the second or 
distal one is placed near the ciliary edge of the slit, and is traversed 
the efferent branch of the above-mentioned vascular loop, This vessel soon. 
atrophies, and with it the distal opening in the choroid slit 
vanishes. In some varieties of domestic Fowl (Lieberkdhn) the 
however persists. The seam which marks the original site of the 
slit is at first conspicuous by the absence of pigment, and at « later 
by the deep colour of its pigment, Finally, @ little after the ninth day, no 
BOAT EA JOUR he a 
Up to the ei; day pecten remains as a simple lamina ; 
Gree eee eee eee puckered, 






to supply it with blood 
vein is practically a fresh de- 
velopment after the of 
the distal ‘jon of the ve 
vascular of the vitreous 


eyeball ; the fibres of the nerve passing in at the inner border of the 


Meanie from it 
are costae we al ear cee a as 
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In the Lizard the choroid slit closes considerably earlier than in the 
Fowl. The vascular loop in the vitreous humour is however more 
veloped. The pecten Jong remains without vessels, and does not in fact 
become at all vascular till after the very late disappearance of the distal 
part of the vascular loop of the vitreous humour, 

The ar nt of the ingrowth through the choroid slit in Klasmo- 
branchii (Scyllium) has been partially worked out, and so far as is at present 
known the agreement between the Avian and Elasmobranch type is fairly 





At the time when the cavity between the lens and the secondary optic 
cup is just commencing to be formed, « process of mesoblast accompanied 
by a vascular loop passes into the vitreous humour, through the choroid 
alit, close to the optic nerve. The vessel in this process is no doubt 
equivalent to the vascular loop in the Avian eye, but I have not made 
out that it i poe beyond the mesoblastic process baat it, As 
the cavity of the vitreoux humour enlarges and the choroid slit elongates, 
the through it takes the form of a lamina with a somewhat swollen 
borders ad projects for some distance into the cavity of the vitreous 

amour, 

At a later stage, after the outer layer of the optic cup has become pig- 
mented, the distal part of the choroid slit adjoining the border of the Las 
closes up; but along the line where it was present the walls of the optic 
enp remain very thin and are thrown into three folds, two lateral and 
‘one median, projecting into the cavity of the vitreous humour, The 
median fold ix in contact with the lens, and the vascular mesoblast sur- 
rounding the eye projects into the space between the two laminw of 
which it is formed. passing from the region of the lens to that of the 

tic nerve the lateral folds of the optic cup disappear, and the median 
forms a considerable projection into the cavity of the vitreous humour. 
Tt consists of a core of mesoblast covered by a delicate layer derived from 
both strata of the optic cup. Still nearer the optic nerve the choroid slit 
in no longer closed, and the moesoblast, which in the neighbourhood of the 
lens only extended into the folds of the wall of the optic cup, now pro 
jects freely into the cavity of the vitreous humour, and forms the lamina 
‘already described. It is not very vascular, but close to the optic nerve 
there passes into it a considerable artery. 

Tn the young animal the choroid slit is no longer perforated by a meso- 
blastic Jamina. At its inner end it remains open to allow of the 
of the optic nerve, The line of the slit can ensily be traced along the 
lower side of the retina; and close to the lens the retinal wall continues, 
ag in the embryo, to be raised into a projecting fold. ‘Traces of these 
structures are visible even in the fully grown examples of Seyllium, 

‘As has been pointed ont by Bergmeister the mesoblastic lamina pro- 
jecting into the vitreous humour resembles the pecten at an early stage of 

‘velopment, and is without doubt homologous with it. The artery which 
morytien it is certuinly equivalent to the artery of the pecten. 
can be no doubt that the mesoblastic lamina projecting into the 
yitreous humour is equivalent to the processus falciformis of Teleostei, and 
it seems probable that the whole of it, including the free part as well 
‘a8 that covered by epiblast, ought to be spoken of under this title. The 
ic nerve in obranchii is not included in the folding to which 
Pueodaty optic vesicle owes its origin, and would seem to perfurnte 
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the walls of the optic cup only at the distal end of the processus falei- 


Teleostei there ix at first a vuscular loop like that in Birds, 
"gen leap Sa pthroe ecnierpre gE ‘This has been noticed by Kessler in 
the Pike, and by Schenk in the Trout, At a later period a mesoblastic 
iB with « blood-vessel makes its way in many forms into the cavity 


edges of the choroid furan (0g 290). Theos structures, which constitute 
the processus falciformis, clearly resemble very 


? In Triton there is no vascular ingrowth 
through the choroid fissure, but « few meso- 
a blastic cells pass in which rey the vascular 
ingrowth of other types. optic nerve 
forates the proximal extremity of the 
aTurxcsreax memyo, (From choroid slit. 
Gegenbaur; after Schenk.) The absence of an embryonic 
4+, choroid fissure, with does not however hold good for all Am; 
Novela many gir en pit as there is present in the embryo Alytes 


Processus 3@-cho- ihn) an artery, which breaks up into « 
Tid allayerot totic eb, oo xystem on the retinal Node of ere 


cavity of vitreous ur; 4. humour, 
Jens. In the Ammocete the choroid slit is merely: 
ted by a slight notch on the ventral 


“oh ee bala ppaplests. pene hich, yeaa eee 


from which the vitreous humour would to be derived. 
Mammalia differ from all the types already described in the immense 


the above embryologists, thut the existence of it in some Mammalia (1 


optic nerve, passes thi Ahetchexold ‘lis Weta thal ex of the vitreous 
ncn cai el eh of SERIE OE y. Heo 
over, com on in artery, w! ata period gives 
branches to ri apatdhe becomes known as the arteria centralis 
retinw, It is homologous with the arterial limb of the vascular loop 
projecting into the vitreous humour in Birds, Lizards, Teleostei, ete 
Before becoming enveloped in the optic nerve this artery is continued 
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through the vitreous humour (fig, 295), and when it comes in clone 





Fio, 295, Seetiox tenoven tie eye or 4 Rapnrr eannyo or anocr TWEETER DAYS. 
¢. epithelium of cornea; I. lens; mec. mesoblast growing in from the side to form 
‘the cornea; rt. retina; a.c.r. arteria centralis retinm; of.n. optic nerve. 
figure shows (1) the absence at this of moxoblast betwoen the lens and 
last: the interval between the two has however been made too great; (2) tho 
ia contralis retinw forming the vascular capsule of the lens and continuous with 
vascular structures round the edges of the optic cup, 


proximity to the lens it divides into a number of radiating branches, which 
pass round the edge of the lens, and form a vascular sheath which is 
Peres 0 16080 cover the anterior wall of the lens, In front of the 
nx they anastomose with vessels, coming from the iris, many of which 
are venous (fig. 295)—and the whole of the blood from tho arteria centialis 
is carried away by these veins, The vascular sheath surrounding the lens 
receives the name of the membrana capsulo-pupillaris, The 
part of it appears (Kessler, No. 372) to be formed of vessels wil 1 
addition of any other structures, and is either formed simply by branches 
of the arteria centralis, or out of the mesoblast cells involuted with the 
lens The anterior part of the vascular sheath is however inclosed in a 
delicate membrane, the membrana pupillaris, continuous at the sides 
and the epithcliam of Descemet's membrane. On the formation of the 
iris this membrane lies superficially to it, and forms a kind of continuation 
of the mesoblast of the iris over the front of the lens. 
‘The origin of this membrane is much disputed. By Kessler, whose 
statements have been in the main followed, it is believed to appear com- 
varatively late as an ingrowth of the stroma of the iris; while Kolliker 
Pere ceacti 45 be Aecived forai a. miesctlaads Ancol betnaad eet 
wall of the lens and the epiblast. According to Killiker this ingrowth 
subsequently becomes split into two laminw, one of which forms the cornea, 
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nerve, in forms Calf, Shi Man) provisional 
vascular accor sah sey : ves pregendteee of the 
vitreous humour, Near the ciliary end of the vitreous humour they 


retina, 
It is interesting to notice (Kessler, No. 372, p. 78) that there seems to bo 
a blood-vessel supplying the vitreous humour in the embryos of all 
vertebrate types, which is homologous throughout the Vertebrata. 
vessel often exhibits a persisting and a provisional part, The latter in 
Mammalia is the membrana capsulo-pupillaris and other vewels 
vitreous humour; in Birds and Lizards it is the part 
vascular loop, not included in the pecten, and in Oxseous Fishes: 
part (1) not involved in the processus faleiformis, The 
is formed by the retinal vessels of Mammalia, by the of the 
in Birds and Lizards, and by those of the processus falciformis in 
The Iris and Ciliary processes, The walls of the 
optic cup become very much thinner than those of the trae retinal part. 
Tn many Vertebrates (Mammalia, Aves, Reptilia, barra 
the thinner part, together with the mesoblast covering it, becomes: 
into two regions, viz. that of the iris, and that of the ciliary processes, 
In the Newt and Lamprey this differentiation does not take place, but the 
part in question simply becomes the iris, 


fe 
F 
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Accessory Organs connected with the Eye. 


Eyelids. The most important accessory structures connected with 
the eye are the eyelids. are developed as simple folds of the 
mont with a mesoblastic ion betwoen their two lamina. 


may be three in number, viz an upper and lower, and a lateral Y 

nictitating membrane—springing from the inner or anterior border of the 

wes Mfr fies Shes is ined Gy’ a, yeolongaticcof ‘con mashivit GUI 
modified epiblast covering the cornea and part of the sclerotic, 
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To Teleortei and Ganoidei eyelids are either not present or at most 
very rudimentary, In Elasmobranchii they are better developed, and the 
nictitating membrane is frequently present, The latter is also usually 
found in Amphibia. In the Sauropsida all three eyelida are usually 
present, but in Mammalia the nictitating membrane is radimentary. 

Tn many Mamwalia the two eyelids meet together during a period of 
embryonic life, and unite in front of the eye, A similar arrangement 
is permanent through life in Ophidia and some Lacertilia; and there is a 
chamber formed between the coalesced eyelids and the surface of the 
cornea, into which the lacrymal ducts open, 

glands. ‘mal glands are found in the Sauvopsida 

and Maiumalia. They arise (Remak, Kolliker) as solid ingrowtha of 

the conjunctival epithelium. They appear in the chick on the eighth day. 

The lacrymal duct first appears in Amphibia, and 

is present in all the higher Vertebrates. Its mode of development in the 

Amphibia, Lacertilia and Aves has recently been very thoroughly worked 
out by Born (Nos. 380 and 381). 

In Amphibia he finds that the lacrymal duct arises as a solid ridge of 
the mucous layer of the epidermis, continued from the external opening 
of the nasal cavity backwards towards the eye. It usually appears at 
about the time when the nasal capsule is beginning to he chondrified. As 
this ridge is gradaally prolonged backwards towards the eye its anterior 
end becomes separated from the epidermis, and grows inwards in the 
mesoblast to become continuous with the posterior part of the nusal sack. 
The posterior end which joins the eye becomes divided into the two col- 
Tecting branches of the adult. Finally the whole structure becomes sepa- 
rated from the skin except at the external opening, and develops a lumen. 

In Lacertilia the lacrymal duct arises very much in the same manver 
as in Amphibia, though its subsequent growth is somewhat different. It 
appears as an internal ridge of the epithelium, at the junction of the 
superior maxillary process and the fold which gives rise to the lower 
eyelid. A solid process of this ridge makes its way through the mesoblast 
on the upper border of the maxillary process till it meets the wull of the 
nasul cavity, with the Brae of bars it Lager continuous, eee a 
subsequent. st a second solid growth from uy ie 

fel cic mates its way through the lower eyeli pea with 

@ inner epithelium of the eyelid; and at a still later date a third 
growth from the lower part of the structure forms a second junction with 
the epithelium of the eyelid. The two latter outgrowths form the two 
upper branches of the duct. The ridge now loses its connection with 

© external skin, and, beeoming hollow, forms the lacrymal duct. It 
opens at two points on the inner surface of the eyelid, and terminates at 
its opposite extremity by opening into the nasal cavity. It ia remarkable, 
as pointed ont by Born, that the original epithelial ridge gives rise directly 
to a comparatively small part of the whole duct. 

Tn the Fowl aif Jacrymal duct is formed as a solid ridge eis eae 
extending ulong the line of the so-called lacrymal e from the eye to 
the nasal pit (ig. 120). At the end of the sixth day it begins to be 
separated res epidermis, remaining however united with it on the 
inner side of the lower eyelid. After its separation from the epidermis 
it forms a solid cord, the lower end of which unites with the wall of the 
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General considerations on the Eye of the Chordata, 


There can be but little doubt that the eye of the Tunicata belongs to 
the same phylum as that of the true Vertebrata, different as the two eyes 
ave. The same may also be said with reference to the degenerate and very 
rudimentary eye of Amphioxus, 

The peculiarity of the eye of all the Chordata consists in the retina 
being developed from part of the wall of the brain. How is this remark- 
able feature of the eye of the Chordata to be explained ¢ 

Lankester, interpreting the eye in the light of the Tunicata, has made 
the interesting suggestion’ “ that the original Vertebrate must have been a 

it animal, and had an eye or pair of eyes inside the brain, like 
that of the Ascidian Tadpole.” 

This explanation may pousibly be correct, but another explanation 
appears to me possible, and I am inclined to think that the vertebrate 
eyes have not been derived from eyes like those of Ascidians, but that the 
latter is a degenerate form of vertebrate eye. 

The fact of the rotina being derived from the fore-brain may perhaps 
bs explained in the same way ax has already been attempted in the caso 
of the retina of the Crustacea; i.¢. by supposing that the eye wax evolved 
simultaneously with the fore part of the brain, 

The peculiar processes which occur in the formation of the optic vesicle 
are more difficult to elucidate; and I can only suggest that the development 
of a primary optic vesicle, and its conversion into an optic cup, ix due to 
the retinal part of the eye having been involved in the infolding which 
gave rise to the canal of the central nervous system, The position of the 
rods and cones on the posterior side of the retina is satisfactorily explained 
by this hypothesis, because, as may be easily seen from figure 25, the 

‘ior face of the retina is the original external surface of the epidermis, 
which is infolded in the formation of the brain; so that the rods and cones 
are, as might be anticipated, situated on what is morphologically the ex- 
ternal surface of the epiblast of the retina, 

The difficulty of this view arises in attempting to make out how the 
eye can have continued to be employed during the gradual change of 
position which the retina must have undergone in being infolded with the 
brain in the manner suggested. If however the successive steps in this 
infolding were sufficiently small, it seems to me not impossible that the eye 
might have continued to be used throughout the whole period of change, 
aa ® transparency of the tissues, such ws Lankester suggests, may have 
assisted in rendering this possible, 

The difficulty of the eye continuing to be in use when undergoing 
striking changes in form is also involved in Lankester'’s view, in that 
if, a8 I suppose, he starts from the eye of the Ascidian Tadpole with its 
lenses turned towards the cavity of the brain; it is necessary for him to 
adinit that a fresh lens and other optical parts of the eye became devel 
on the ite side of the eye to the original lens; and it is difficult to 
qndenstond such a change, unless we can believe that the refractive media 
‘on the two sides were in operation simultaneously. It may be noted that 
the same difficulty is involved in supposing, as I have done, that the 
of the Ascidian Tadpole was avslopel fina tint of a Vortebrate, I 


4 Degeneration, London, 1880, p. 49. 
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Lda per oll ape rere mapa reare eee 
period to be employed ; it re-devel ‘Rome: 
of the larval forma, Its characters in the Tunicata are by no means 
constant. 


Accessory eyes in the Vertebrata. 


addition to the paired eyes of the Vertebrata certain ongans are 
fu tain fon Tent ign very dy rater, igh 


clearly not o1 of true vision, yet characters which indicate 
that they may be used in the atin Por lig igh hares —_ inn of 
such organs are those found in Chauliodus, 


of which w was first pointed out by Lenckart, rie tho detail of thalt 
structure have been recently worked out by Leydig’ and bet 
are distributed not only in the skin, but are also present in the mouth 
respiratory cavity, a fact which appears to indicate that their main function 
must be something else than the meere of light. It has been suggested 
that they have the function ot pence 

eos organ, probably of the same nuture, is found on the head of 


@ organs in Chauliodus are spherical or nm bodies in- 
vested in a special tunic, The larger of them, rT eee one hens 
relation to vision, are covered with pigment exept on their outer surface. 
The interior is filled with two masses, named by Leuckart the lens and 
vitreous humour. According to Leydig each of them is cellular and 
receives a nerve, the Ceakies destination of which has not however been 
mude out, According to Ussow the anterior mass is structureless, but 
tbe ae support a lens, placed in the centre of the eye, and formed of a 
talline cones prolonged into fibres, which in the epelats 
a ope eye diverge aud terminate by uniting with the bya es of multi, 
cells, placed near the pigmented ‘sheath. Those i Seah ee 
fibres of the crystalline cones which pass to them, are by Tose 
constitute a retina. 


Eye of the Mollusca, 


N_Bobrotzky, “Observations on the development of the Cephalopoda 
Simp Nockriehten @. Buisertichen Gesell, d. Frewade der Naturwiat, Authropolog. 


gs Cophalopoden.” Zeit. f 
ad "Ueber d. Ange einiger Cephalopoden.” Zeit. f. wien Zook, 
io6s) BE E.R, Lankester. Observations on the development ofthe Cephaloped." 





Quart, Vol. xv. 1875, 
wi inemme Sehorgane von Typus d. Wirkelthieraugen, Wiesbaden, 
igs 18st, Cuore, "Ura d ngenslcen Fi snes Koen 


en Bat. da See,  Naterottee de Howcom, Vo. xr 107, a 
and farther literature, Giinther, The Study of Fishes, 
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Eye of the Arthropoda. 
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(370) Ee oirenacher. Untersuchungen ib. d, Sehorgane d. Arthropoden. 


Gottingen, 187: 





Vertebrate Eye. 
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In many terrestrial Insects a different type of auditory organ has 
been met with, consisting of a portion of the integument modified to 
form a tympanum or drum, and supported at its edge by a chitinous 
ring. The vibrations set up in the membranous tympanum stimulate 
terminal nerve organs at the ends of chitinous processes, placed in a 
cavity bounded externally by the tympanic membrane. 

The tympanum of Amphibia and Amniota is an accessory organ 
added, in terrestrial Vertebrata, to an organ of hearing prin 
adapted to an aquatic mode of life; and it is interesting to notice the 
presence of a more or less similar membrane in the two great groups 
of terrestrial forms, #.¢. terrestrial Vertebrata and Insecta, 

Nothing is known with reference to the mode of development or 
evolution of the tympanic type of auditory organ found in Insects, 
and, except in the case of Vertebrates, but little is known with 
reference to the development of what may be called the vesicular 
type of auditory organ found in aquatic forms. Some very interesting 
facts with reference to the evolution of such organs have however 
heen brought to light by the brothers Hertwig in their investigations 
on the Colenterata; and I propose to commence my account of the 
development of the auditory organs in the animal kingdom by a short 
statement of the results of their researches, 

Coelenterata. ‘Three distinct types of auditory organ have been 
recognised in the Meduse; two of them resulting fem a differentia- 
tion of a tentacle-like organ, and one from ectoderm cells on the under 
surface of the velum. We may commence with the latter as the 
simplest, It is found in the Medusw known as the Vesicnlata, The 
least differentiated form 
of this organ, so far «is- 
covered, is present in Mi- 
trotrocha, ‘Tiaropsis and 
other genera, It has the 
fortn of an open pit; and 
a series of such ong 
are situated along the at- 
tached edge of the velum 
with their apertures di- 
rected downwards. The 
majority of the cells lin- 
ing the outer, i.e, -peri- 
pheral side of the pit, con- 














tain an otolith, while a 
row of the cells on the 
inner, ie. central side are 
moditied as auditory cells, 
The auditory cells are 
somewhat strap-shaped, 
their inner ends being 
continuous with the fibres 





Fi. 297, Acptrony vescex or Patauinrest avren 
TREATMENT WITH DILUTE asso act. (From Lan- 
kester; after O, and B, Hortwig.) 

d', epithelium of the upper surface of the vel 
@. epithelium of the under surface of the yelum; 

ircular canal at tho edge of the velam; nr. upy 
ring; h. auditory cells; hh. auditory hairs; 
np, nervous cushion formed of a prolongation of the 
rve-ring. Close to the uerve-ring ix seen 

n ws black, containing an atolith, 
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of the lower nerve-ri and their tee en being provid with Dent 
auditory hairs, which lic in contact with the convex surfaces of thi 
ee om pe ts 
conversion open ise ii . 
compli type of auditory organ, which is present in many of 
Vesiculata, eae Saangtanhan Phialidium, &c,, is A 
closed vesicle of this type is shewn in fig, 297, organs form 
projections on the upper surface of the velum. They are covered by 
a layer of the epithelium (a') of the uppSE mutes of the velum, bat 
the lining of the vesicle (d*) 1s derived what was origi part, 
of the epithelium of the lower surface of the velum, with 


it of the cells lining such vesicles is the same as of 


organ, found in the Trachymedusw, 
pears in its simplest condition as a modified tentacle. tia formed 





Mub-sissted body bey 
cprren oraouma, are present, 
“ihren t ‘ a iner Ouand R Heal} tails of e auditory cells 


‘The onan consists of a modificl tentacle (hk) are directly continued in- 
——— ee 
forins of this organ the tentacle becomes enclosed in a kind of cup, 
by a wall-like upgrowth of the surrounding parts (fig. 298); and in 
some forms, ¢.g. Geryonia, by the closure of the cup, the whole structure 
takes the form of a completely closed vesicle, in the cavity of which 
the original tentacle forms an otolith-bearing projection. 

The auditory organs found in the eee Meduse approach 
in many respects to the type of organ found in the ahah pees 
They consist of tentacular organs placed in grooves on the under 
surface of the disc. They have a swollen extremity, and are provided 
with an endodermal axis for half the length of which there is a 
diverticuluin of the gastro-vascular canal system. The terminal 
tion of the endoderm is solid, and contains calcareous 
The ectodermal cells at the base of these organs have the form of 


auditory cells, 
Mollusca, Auditory vesicles are found in almost all Mollusca on 


——— | | 
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the ventral side of the body in close juxtaposition to Pepe 

ia. Except possil Nays some proaere vesicles are closed, 

are provided with free otoliths, sup, by the cilia of the 

walls of the sack, but in addition some of the ce!ls of the sack are 
provided with stiff auditory hairs. 

In many forms these sacks have been observed to originate by 
an invagination of the epiblast of the foot (Ftludina, Nassa, Hetero- 
poda, (a Clio, Cantauiee and Lamellibranchiata). In other 
instances (some Pteropods, Lymnwus, &c.) they appear, by a secondary 
modification in the development, to originate by a differentiation of a 
solid mass of epiblast. 

According to Fol the si in Gasteropods are formed by cells 
of the wall of the audito: eck thh sate Bev oe MOAN CA 
for Cephalopoda (Grenacher)’ shewing that free otoliths have in 
these instances originated from otoliths originally placed in cells. 

Crustacea. he decapodous eo organs, ae have been 
experimental: to be trne organs jearing, are present on 
the basal joint df the anterior antennw. They CaviaGs (eases No. 384) 
the form either of closed or of open sacks, lined by an invagination of 
the epi jis. They are provided with chitinous auditory hairs and free 
otoliths, In the case of the open sacks the otoliths appear to be simply 
stones trausported into the interior of the sucks, but in the closed sacks 
the otoliths, though free, are no doubt developed within the sacks, 

The Sehi is, which, as mentioned in the last chapter, are remark- 
able as containing a genus (Kuphausia) with abnormally situated eyes, 

i ‘ish themselves again with reference to their auditory organs, 
in that another genus (Mysis) is characterized by the presence of a pair 
of auditory sacks in the inner plates of the tail. These sacks have 
curved auditory hairs supporting an otolith at their extremity. 

The development of the auditory organs in the Crustacea has not been 
investigated 

The Vertebrata. The Cephalochorda are without organs of hear- 
ing, and the anditory organ of the Urochorda is constructed on a special 
type of its own. The primitive auditory organs of the true Vertebrata 
have the same fundamental characters as those of the majority of 
aquatic invertebrate forms. aber consist of a vesicle, formed by the 
invagination of a patch of epiblast, and usually shut off from the 
exterior, but occasionally (Elastnobranchii) remaining open, The 
walls of this vesicle are always much complicated and otoliths of 
various forms are present in its cavity. To this vesicle accessory 
structures, derived from the walls of the hyomandibular cleft, are 
added in the majority of terrestrial Vertebrata, 

The development of the true auditory vesicle will be considered 
separately from that of the accessory structures derived from the 
hyomandibular cleft. 

! For the somewhat complicated details as to the development of the auditory racks 


‘of Cephalopoda 1 munt refer the reader to Vol. t., pp. 250, 281, and to Grenacher 
(Vol. 1, No. 286). 
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In all Vertebrata the development of the auditory vesicle 
mences with the formation of a thickened pete of epiblast, : 
side of the hind-brain, on the 
the second visceral cleft. This 
soon becomes invaginated in the 
of a pit (fig. Sapiesp); to the inner 
of which the ganglion of the au 
nerve (aun), which as wien in 
vious chapter is primitively a 
the seventh nerve, closely applies 
In those Vertebrata (viz Tel 
pidoxtens and Amphibia) in 
epiblast is early divided into « 
and epidermic stratum, the av 
urises as an invagination of the 
stratum only, and the mouth of the 
pit always cloned (ig. $00) 
¥ dermic sen e3 ¢ skin, Sines 
to, 299. Sxertox Tunevowt i i tained 
see ne En ee OO ee ee 
EMBRYO, AT THE LEVEL OF THR ;. 
AUDITORY EXVORETION. in the above forms is clearly secondary, 
aup. auditory pit: awn. gan- In Teleostei the auditory pit 


Hin 


i 


Hiei 


ri 





: 





glion of auditory ine. roof 8 solid invagination of the epibhest, 
someal oat a ‘The mouth of the auditory vesicle 
— aa gradually narrows, and in most forms 


will 

Th, radiment of thyroid body. In any case the vesicle is gradually 
removed from the surface, remaining 

connected with it by an elongated duct, either opening on the dorsal 

one of the head (Elasmobranchii), or ending blindly close beneath 

the skin. 

In all Vertebrata the andi vesicle undergoes farther chan; 
hats of acomplicated kind. In the 
Cyclostomata these changes 
are less complicated than in 
other forms, though whether 
this is due to degeneration, or 
to the retention of a primitive 
state of the auditory organ, is 
not known. In the Lamprey 
the auditory vesicle is formed 
in the usual baie an in- 
dé vagination of epiblast, 
Fio, 900, Skeriox ranovex tae mean or which soon becomes vesicular, 
4 Lariposrets exumxo ON THE SISTH PAY ond for a considerable C3 


AFTER TMPRHONATION, a 
faut. auditory vesicle; ann. auditory Tetains a simple character, As 


nerve; ch. 7 hy. hypoblast. pointed ont by Max Schultze, 
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a number of otoliths appears in the vesicle during larval life, and, 
although such otoliths are stated by J. Miller to be absent both in 





Fro. S01. Skeriox tHnovon Tine HIND-nRAIy OF A CHICK AY THE EXD oF TIE 
THIRD DAY OF INCUBATION, 


1¥. fourth ventricle. The section shews the very thin roof and thicker sides of 
the ventricle. Gh. notochord; CV. anterior cardinal vein; C@. involuted auditory 
leat ec coh oan il, ee 
ihn Somat oa sick marta andenciie weal ‘ho 
the full-grown Ammoceste and in the adult, they have since been 
found by Ketel (No. 387). The formation of the two semicircular 
canals has not been investigated, 

In all the higher Vertebrates the changes of the auditory sacks 
are more complicated, The ventral end of the sack is produced into 
a short process (fig. 301, CC); while at the dorsal end there is the 
eanal-like prolongation of the lumen of the sack (22), derived from 
the duct which primitively opened to the exterior, and which in most 
cases persists as a blind diverticulum of the auditory sack, known as the 
recessus labyrinthi or aqueductus vestibuli. The parts thus 
indicated give rise to the whole of the membranous labyrinth of the 
ear. ‘Vhe main body of the vesicle becomes the utriculus and semi- 
circular canals, while the ventral process forms the sacculus hemi- 
sphericus and cochlear canal. 

The growth of these parts has been most fully studied in Mam- 
malia, where they reach their greatest complexity, and it will be 
convenient to describe their development in this group, pointing out 
how they cecal during some of the stages in their growth, a form 

retained in lower types. 

The auditory vesicle in Mammalia is at first nearly spherical, and 


— 
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is imbedded in the mesoblast at the side of the hind-brain. It soon 
perecipe reieadl ig: ropteapr peptone ee 


ment of the cochlear canal and sacculus hemi i og ee 
At the same time the recessus labyrinthi ( becomes di 
marked, and the outer wall of the main body of the vesicle grows ot 
into two protuberances, which form the rudiments of the vertical 
eenisrieine cael ia et fe lew fora (8, See 
process @ vestibule ly reaches a higher stage of development. 
than that found at this stage in Mammalia, 

The parts of the auditory labyrinth thus established soon increase 


semicircular canals are situated, there is raed a fresh protuberance 
for the horizontal semicircular canal, At the same time the central 





Fio, 802, TRaxaverst seorion oF THe HAD oF A Fortran Simexe (16.08. aN 
LENOTH) IN TUR ReGtoN or THY mIxD-mnary. (After BOtteber.) 


‘The section is somewhat oblique, hence while on the right side the connections of 
recessns vestibali AL, and of the commencing vertical scmicireular canal ¥.2., 
of the ductus cochlearis CC,, with the cavity of the primary otic veslele are seen: 

extreme end of the cochlearis CC, and of the semi- 


Tying close to the inner ride of the otic vesicle is seen the cochlear ae; 
ide the auditory nerve @ and ths Goonection Nth the hind brafa are los 


the otic vesicle on either side Hes the jugular vein. 
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parts of the walls of the flat bulgings of the vertical canals grow 
together, obliterating this part of the lumen, but leaving a canal 
round the Periphery and, on the absorption of their central parts, 
each of the ong simple bulgings of the wall of the vesicle be- 
comes converted into a true semicircular canal, opening at its two ~ 
extremities into the auditory vesicle, The vertical canals are first 
established and then the horizontal canal. 

Shortly after the formation of the rudiment of the horizontal semi- 
circular canal a slight protuberance becomes apparent on the inner 





Fro. 903, Sxcriox oy mmm map or A roerat, SmREP 20 sof, 1 LEXoTH. 
(After Bottoher,) 
R.F. reoossus labyrinthi; ¥.B. vertical semicircular canal; 18, horizontal semi- 
circular eanal; C.C, cochlear canal; G. cochlear ganglion. 


commencement of the cochlear canal. A constriction arises on each 
side of the protuberance, converting it into a prominent hemisphe- 
rical projection, the sacculus hemisphericus (fg. 304, SR). 
constrictions are so deep that the sacculus is only connected 

with the cochlear canal on the one hand, and with the general cayit; 
of the auditory vesicle on the other, by, in each case, a narrow thong’ 
short canal. 

The former of these canals (fig. 304, b) is known as the canalis 
reuniens. At this stage we may call the remaining cavity of the 
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eieiaal otic vesicle, into which all the above parts open, the utri- 
eulus, “ 


Soon after the formation of the sacculus hemisphericus, the coch- 
lear canal and the semicircular canals become invested with cartilage. 
The recessus labyrinthi remains however still enclosed in undifferen~ 
tiated mesoblast. 


Between the cartilage and the which it surrounds there 
remains a certain amount of indifferent connective tissue, which 
is more abundant around the cochlear canal than around the semi- 
cireular canals. 

As soon as they have acquired a distinct connective-tissue coat, 
the semicircular canals begin to be dilated at one of their termina 
tions tw form the ampulle. At about the same time a constriction 
appears opposite the mouth of the recessus labyrinthi, which causes 
its fined, a be divided into two branches—one towards the utriculus 
and the other towards the sacculus hemisphericus ; and the relations 
of the parts become so altered that communication between the sac- 
culus and utriculus can only take place through the mouth of the 
recessus labyrinthi (fig. 305). 

When the cochlear canal has come to consist of two and a half 
coils, the thickened epithelium which lines the lower surface of the 
canal forms a double ridge from which the organ of Corti is subse~ 
quently developed. Above the ridge there appears a delicate cuticu~ 
lar membrane, the membrane of Corti or membrana tectoria. 

The epithelial wa'ls of the utricle, the recessus labyrinthi, the 
eres weenie centting cere Sees cose ms Ae 

i complicat uct of the origi: i ves 
an iis forms a closed cavity, the various ee of which are 
in free communication. In the adult the fluid present in this cavity 
is known as the endolymph. 

In the mesoblast lying between these parts and the cartilage, 
which at this period envel hes them, lymphatic spaces become esta- 
blished, which are partially developed in tle Sauropsida, but become 
in Mammals very important structures, 

They consist in Mammals partly of a space surrounding the 
utricle and semicircular canals, and partly of two definite 
channels, which largely embrace between them the canal, 
The latter channels furm the scala vestibuli on the upper side of 
the cochlear cabal and the seala tympani on the lower, The 
seala vestibuli is in free communication with the ayant cavity 
surrounding the vestibule, and opens at the the cochlea 
lai Sheena trap The latter ends blindly at the fenestra 
rot 

The fluid contained in the two sealw, and in the remaining lym- 
phatic cavities of the auditory labyrinth, is known as perilymph. 

The cavities just spoken of are formed by an oo prt 
of the embryonic mucous tissue between the perichondrium and the 
walls of the membranous Inbyrinth. 
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The scala vestibuli is formed before the scala tympani, and both 
scalz begin to be developed at the basal end of the cochlea: the 
cavity of each is continually being carried forwards towards the 
apex of the cochlear canal by a progressive absorption of the meso- 
blast. At first both scale are somewhat narrow, but they soon 
increase in size and distinctness. 





Fio, 804. Section THROUGH THE INTERNAL RAR OF AN EMBRYONIC SHEEP 
28 ua. IN LexotH, (After Bottcher.) 


D.M. dura mater; R.1’. recessus labyrinthi; 11.1”.B. posterior vertical semiciroular 
canal; U. utriculus; H.B. horizontal semicircular canal; b. canalis reuniens; a. 
constriction by means of which the sacculus hemisphericus S.R. is formed; f. 
narrowed opening between sacculus hemisphericus and utriculua; C.C, cochlea; 
C.C’ lumen of cochlea; K.K. cartilaginous capsule of cochlea; K.R. basilar plate; 
Ch. notochord. 








The cochlear canal, which is often known as the scala media of the 
cochlea, becomes compressed on the formation of the scale so as to 
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‘This base is only separated from the surround) ilage by a 
narrow ee eee eee 
At the ite the base the canal is joined to the cartilage by 


‘This isthmus subsequently forms the lamina spiralis, separating 
the scala vestibuli from the scala tympani. * 

The scala vestibuli lies on the upper border of the cone ee 
and is separated from it by a very thin layer of mesoblast, 
on the cochlear aspect by flat epiblast cells, ‘This membrane is called 
the membrane of Reissner. The scala tympani is fed from 
the sialon sane ty. a thicker het of noe ae the basilar 
membrane, which supports the organ ‘orti an epithelium: 
adjoining it. The upper extremity of the cochlear canal ends ina 
blind extremity called the cupola, to which the two scala: do not for 
some time extend. This condition is ent in Birds, where the 
cupola is represented by a structure known as the lagena (fig. 305, 
Il, L). Subsequently the two scalm join at the extremity of the 


The ossification around the internal ear is at first confined to the 

but afterwards extends into the thick periosteum between the 

cartilage and the internal ear, and thus eventually makes its way into the 
lamina spiralis, etc, 

The organ of Corti. In Mammalia there is formed from the epi- 
thelium of the cochlear canal a very remarkable organ known as the 
of Corti, the development of which is of sufficient importance to a 
brief description, A short account of this organ in the adult state may 
facilitate the understanding of its development. 

‘The cochlear canal is bounded by three walls, the outer one being the 
osseous wall of the cochlea, The membrane of Reissuer bounds it towards 
the scala vestibuli, and the basilar membrane towards the scala tympani 
‘This membrane stretches from the margin of the lamina spiralis to the 
ligamentum spirale; the latter being merely an expanded portion of the 
pecans Sen deine come ale oe 

jina spi is p ite two lips, ‘ 
labium tympanicum and labinm websivailaoss it is to pie 
and longer of these that the basilar membrane is attached. At the n 
of the junction of the lahium tympanicum with the basilar membrane 
former is perforated for the passage of the nervous fibres, and this region 
called the habenula perforata, , 

The labium veatibulare, 90 called from its position, ix shorter than the 
labium tympanicum and is raised above into numerous blunt teeth, Partly 

inging out from the labium vestibalare, and from near the inner 
Tinathrsgo ob We ancmateenss of Eetecaes towerd outer wall of the 
cochlea, is an elastic membrunc, the membrana tectoria. Resting on 
the basilar membrane is the organ of Corti. a 
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Considering for the moment that a transverse section of the cochlear 
canal only one cell deep is being dealt with, the organ of Corti will be 
found to consist of a central part composed of two peculiarly shaped rods 





Fro. 805. Disonaate or Tum Mestenaxous Lanyerre. (From Gegenbaur,) 
i I. Fish. Tl. Bird. 11. Mammal. 
U. utriculue; S, sacenlus; US. utriculus and eacenlas; Cr. canalis reuniens; 
R. recessus lubyrinthi; UC, commencement of cochlea; C, cochlear canal; L. 3 
KX. cupola at apex of cochlear canal; V. cwcal sack of the vestibulum of the 


widely ted below, but in contact above, These ave the rods or 
fibres of Corti. On their onter side, ie. on the side towards the 
osseous wall of the canal, is a reticnlate membrane which passes from the 
inner rod of Corti towards the osseous wall of the canal. With their 
upper extremities fixed in that membrane, and their lower resting on the 
‘basilar membrane are three (four in man) cells with auditory bairs known 
as the outer ‘hair cells,’ which alternate with three other cells known 
as Deiters’ cells, Between these and the outer attachment of the basilar 
membrane is a series of cells gradually diminishing in height in iT 
outwards, On the inner side of the rods of Corti is one hair cell, w 
then a number of peculiarly modified cells which fill up the space between 
the fa ve of ae Jamina spiralis. mn ee 

t will not be necessary to say much in reference to the development 
of the labium tympanieum and the Jabium vestibulare. 

‘The Iabium vestibulare is formed by a growth of the connective tissue 
which fuses with and passes up between the epithelial cells. The epithelial 
cells which line its upper (vestibular) border fosttin modified, and remain 
as its teeth. 

The Isbium tympanicum is formed by the coalescence of the connective 
tissue layer separating the scala tyuipatt from the cochlear canal with part 
of the connective tissue of the lamina spiralis. At first these two layers 
are separate, and the nerve fibres to of Corti between, 
them, Subsequently however they coalesce, and the region where they are 
penetrated by the nervous tibves becomes the habenula perforata, 


REM, 28 


i 


434 ORGAN OF CORTI. 

eae Le annie Settee, fecear ie a ng the 
cochlear canal, and consists in the first instance of two epithelial 
or projections, The larger of them forms the cells on the inner side of 
organ of Corti, and the smaller the rods of Corti together with the immer 
Sa pagers tim — of simple clongated epithelial 

t i are com) i 
cells one row deep. The smaller ridge is the first to shew any change. 
The cells adjoining the larger ridge acquire auditory hairs at their free 
extremities, and form the row of inner hair cells; the next row of cells 
acquires a broad attachment to the basilar membrane, and origin 
to the inner and outer rods of Corti. 

Outside the latter come several rows of cells adhering 80 as 
to form a compact mass which is quadrilateral in. section, is mass ie 
composed of three upper cells with nuclei at the same level, which form 
ecole oanopit nme my dal a ere HrrcleS i hairs, and 
three lower cells which form the cells of Deiters. Beyond the cells 


ually into ordinary cubical epithelial cells. 
Lear Shas gpaiittobed) the cells of the second row, resting with their broad 
Nera ergata Saiee hostib ae of Corti, ee 
0 bases of these pidly increases, im changes 

place in the structure of fis salle charmeslvae, eee 

The nucleus of each cell divides; so that there come to be two nuclei 
or sometimes three which lie close together near the base of the cell. 
Outside the nuclei on each side a fibrous cuticular band bie The 
two bands pass from the base of the cell to its apex, and there meet 
though widely below, The remaining contents of the cell, 
between the two fibrous bands, become granular, and are soon to a 
great extent absorbed ; leaving at first a round, and then a triangular 
space between the two fibres, The two nuclei, surrounded by « small 
amount of granular matter, come to lie, each at one of the angles between 
the fibrous bands and the basilar membrane. 








i possess, 
to be considered ax the 
elacal one 


them aro mervly the remains of tho two nuclei formed by the division of 
the origival nucleus of that cell’. The larger ridge is for the most part not 
permanent, and from being the most conspicuous part of the organ of 
Corti comes to be far less important than the smaller ridge, Its cella 






parts to which it is attached. 


* It in not clear frow Bétteber's description how it comes about inner 
$f Casti are seore nesseroos (han tbe otter. i? Sa im 
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Accessory structures connected with the organ of hearing in 
2 Terrestrial Vertebrata. | a 


In all the Amphibia, Batopals and Mammalia, except the 
Urodela and a few Anura and Reptilia, the first visceral or hyo- 
mandibular cleft enters into intimate relations with the organs of 
hearing, and from it and the adjoining parts are formed the tympanic 
cavity, the Eustachian tube, the tympanic membrane and the meatus 
auditorius externus The tympanic membrane serves to receive from 
the air the sound vibrations, which are communicated to fluids con- 
tained in the true audijory labyrinth by one ossicle or by a chain of 
auditory ossicles, 

The addition to the organ of hearing of a tympanic membrane to 
receive aerial sound vibrations is an interesting case of the adaptation 
of a structure, originally required for hearing in water, to serve for 
hearing in air; nina aecty, pointed out, the similarity of this mem- 
brane to the tympanic membrane of some Insects is also striking. 

‘There is much that is obscure with reference to the actual de- 
velopment of the above parts of the ear, which has moreover only 
been carefully studied in Birds and Mammals. 

The Eustachian tube and tympanic cavity seem to be derived 
from the inner part of the first visceral or hyomandibular cleft, the 

* external opening of which becomes soon obliterated. Klliker holds 
that the tympanic cavity is simply a dorsally and posteriorly directed 
outgrowth of the median part of the inner section of this cleft; 
while Moldenhauer (No, 392) holds, if I understand him rightly, 
that it is formed as an auigraneit of a cavity called by him the sulcus 
tubo-tympanicus, derived the inner aperture of the first visceral 
cleft together with the groove of the pharynx into which it opens; 
and Moldenhauer is of opinion that the greater part of the original 
cleft atrophies. 

The meatus anditorius externus is formed at the region of a 
shallow depression where the closure of the first visceral cleft takes 
place. It is in poet formed by the tissue prennnds Huy depression 
growing up in the form of a wall, and Moldenhauer believes that this 
is the whole process. K@lliker states however that the blind end 
of the meatus becomes actually pushed in towards the tympanic 
cavity, 

‘The tympanic membrane is derived from the tissue which sepa- 
rates the meatus auditorius externus from the tympanic cavity, 
This tissue is obviously constituted of an hypoblastic epithelium on 
its inner aspect, an epiblastic epithelium on its outer aspect, and a 
layer of mesublast: between them, and these three layers give rise to 
the three layers of which this membrane is formed in the adult. 
During the greater part of feetal life it is relatively very thick, and 
Seg’ : ts a structure bearing but little resemblance to that in the 
adult. 

A proliferation of the connective tissue-cells in the vicinity of 
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the tympanic cavity causes in Mammalia the complete or nearly 
complete obliteration of the cavity during foetal life, 
tympanic cavity is bounded on its inner aspect by the osseous 

investment of the internal ear, but at one point, known as the fenestra. 
ovalis, the bone is deficient in the Amphibia, Souris and Mam- 
malia, and its place is taken by a membrane; while in Mammalia 
and Sauropsida a second opening, the fenestra rotunda, is also present. 

‘These two fenestra: appear early, but whether they are formed by 
an absorption of the cartilage, or by the nonchondrification of a 
area, is not certainly known. e upper of the two, or fenestra 
ovalis, contains the of a bone, known in the Sauropsida and 
Amphibia as the columella. The main part of the mella is 
formed of a stalk which is held by Parker to be derived from part of 
the skeleton of the visceral arches, but its nature is discussed in 
connection with the skeleton, while the base, forming the stapes, 
appears to be derived from the wall of the periotic carti 

In all Amphibia and Sauropsida with a tympanic cavity, the 
stalk of the columella extends to the tympanic membrane ; its outer 
end becoming imbedded in this membrane, and serving to transmit 
the vibrations of the membrane to the fluid in the internal ear, In 
Mammalia there is a stapes not directly attached to the tympanic 
membrane by a stalk, and two additional auditory ossicles, derived 
from parts of the skeleton of the visceral arches, are placed between 
the stapes and the tympanic membrane. These ossicles are known 
as the malleus and incus, and the chain of the three ossicles replaces 
physiologically the single ossicle of the lower forms. 

These ossicles are at first imbedded in the connective tissue in 
the neighbourhood of the tympanic cavity, but on the full de 
of this cavity, become apparently ess within it; though really 
enveloped in the mucous membrane lining it, 
The fenestra ovalis is in immediate contiguity with the walls of 
the utricle, while the fenestra rotunda adjoins the scala tympani. 


Hunt (No. 391) holds, from his investigations on the em! of 
the pig, that “the Eustuchian tube is an involution of the 
mucous membrane ;” and that “the meatus is an involution of the 

ment” while “ the drum is formed by the Eustachian tube overlay 
extremity of the meatus” Urbantechitsch also holds that the first visceral 
cleft has nothing to do with the formation of the tympanic cavity and 
Eustachian tube, and that these parts are derived from lateral outgrowths 
of the oral cavity. 

‘The evolution of the accesiory parta of the ear would be very difficult 
to explain on Darwinian principles if the views of Hunt and Urbantschitsch 
were correct ; and the acce; doctrine, originally by Huschke 
(No. 389), ncconling to which these structures have originated by a a 
of function’ of the parts of the first visceral cleft, may fairl held 
more conclusive ev than been brought, ngainst #4 the haa Seb eiiee 


done. 


Tunicata. The suditory ongan of the Tunicata (fig. 306) is 


—— = 
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placed on the under surface of the anterior vesicle of the brain. It 





Fro. 306. Law Ascrors wextuLa. (From Gegenbaur; after Kupffer. 
a Only the anterior part of the tail is represented. ; 


Fe ae he ce nr peers a are jinal ae 
na tbe nd Bert cL ere cre ne noteehe 0 vs sth aon of 
alimentary tract; «, oop! gastric region of alimentary tract; 0. eyo; 
a OlollINY oc sacullt; % Pay for attachment, 


consists of two parts (1) a prominence of the cells of the floor of the 
brain forming a erista acustica, and (2) an otolith projecting into 
the cavity of the brain, and attached to the erista by delicate hairs. 

‘The crista acustica is formed of very delicate cylindrical cells, and 
in its most projectin; val Ey laced & vesicle with clear contents, 
The otolith is an ral with its dorsal half pigmented, and its 
ventral half clear and highly refractive, It is ped on the highest 
point of the crista, 

The crista acustica would seem to be weselopes from the cells of 
the lower part of the front vesicle of the brain. The otolith however is 
developed from a single cell on the dorsal and right side of the brain. 
This cell commences to project a the cavity of the brain and its 


free end becomes pigment gradually Hash inwards till it 
forms a 3] pherical minence in “eh cavity of brain, to the wall of 
which it is paren te by astalk. At the same time it travels round 


the right side of the vesicle of the brain (in a way not fully ex- 
bi till it reaches the summit of the crista, which has become in 
the meantime established. 

The auditory organ of the simple Ascidians can hardly be brought 
into relation with that of the other Chordata, and has ost probably 
been evolved within the Tunicate phylum. 


BreroGRarny. 
Invertebrata. 


Vw » “Studien ub. d a Zeit. f. wins, 
Pa je al Gehdrorgan d. Decapoden.” Sf. wi 


wattle ©. and R. Hortwig. Dus Nereensyatem a. d. Sianezorgane a. Medusen 
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become very uuneed (fig. 309), serving greatly to increase the 
surface of the tory epi- 
thelium. At a very early 
stage the olfactory nerve 
attaches itself to the ol- 
factory epithelium, 


In Petromyzon the ol- 
factory organ arises as an 
unpaired thickening of the 
opiblast, which in the just 
hatched larvaforms a shallow 
pit, on the ventral side of 
the head, immediately in 
front of the mouth. This 
pit rapidly deepens, and soon 
extends itself backwards 
vearly as far as the infun- 
dibulum (fig. 310, of). By 
the development of the upper 
lip the epening of the cltae 
tory pit is gradually carried 
to the dorsal surface of the 
head, and becomes at the 
same time narrowed and 
sliated (fig. 47, of). The 3 
whole organ forms an elon: yg, 307. Views or tus nap or Exasuo- 
gated sack, and in bone BRANCH EMURYON AT TWO STADMS AS THANSPAIENT 
atayes: becomes nearl ivi- oOwmoTH. 
one a median fold inte me Pristiurus embryo of the same stage ax fig. 
two halves, 4 

* B. Somewhat older Scyllium embryo, 
paerie Potetis. Ua te HL. third nerve; ¥. fifth nerve; VIL. seventh 


olfactory organ in the Lam- 
prey has arisen from the gland 
fusion of two pits into one ; 
there is however no evidence 
of this in the early develop- 
ment; but the division of 
the sack into two halves by 
oper ae may be regarded us an indication of such a paired character 
in iter 

In Myxine the olfactory organ communicates with the mouth through 
the palate, but the meaning of this communication, which does not appear 
to be of the same nature ay the communication between the olfactory pits 
and the mouth by the posterior nares in the higher types, is not known, 

The i of the olfactory pit does not retain its embryonic 
Rraraters kT obranchii and Chimara it becomes enclosed by 
a wall of integument, often deficient on the side of the mouth, so that 
there is formed a groove leading from ape eee 
the mouth. This groove is usually constricted in the middle, and the 
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EXTERNAL AND INTERNAL NARES. 





original single opening of the nasal sack thus becomes nearly divided 
er ga oor “a ~~ 


and Ganoids the 
division of the nasal opening into two 
parts becomes complete, but ventral 
epesing 26 generally carried off some dis- 
tance the mouth, and placed, by 
the growth of the snout, on the upper 
surface of the head (figs. 54 and 68). 
In all these instances it is probable that 
the dorsal ing of the nasal sack is 
homologous with external nares, and 
the ventral opening with the eee 
nares of higher types. Thus Co 
rior mee mc eet seem sr Te- 
presented in es by a ventral part 
of the opening of the aaa. nasal me 
which either adjoins the border of the 


mouth (many Elasmobranehii) or is quite | 


sepamte from the mouth (Teleostei and 
Ganoidei), In the Dipnoi, Amphibia and 
all the higher types the oral region be- 


comes extended so as to enclose the pos- fee 
terior nares, and then each nasal pit ac- 


quires two openings ; viz. one outside the 
mouth, the external nares, and one within 
the mouth, the internal or posterior nares, 
In the Dipnoi the two nasal openings are 


fourth 
visceral clefts 


very similar to those in Ganoidei and Teleostei, but both are placed on 


the under surface of the 
head, the inner one being 
within the mouth,and the 
external one is so close 
to the outer border of 
the upper lip that it also 
has been considered by 
some anatomists to lie 
within the mouth. 

Tn ex the Higher 
ty) nasal pits have 
ouginally only a single 
opening, and the onto- 
genetic process by which 
the posterior nasal a 
ing is formed has been 
studied in the Amniota 
and Amphibia, Amongst 
the Ampiota we may 
take the Chick as repre- 


) 
A 


‘eh. cerebral bemixpheres; ol.e. 
olf. olfactory pit; Sch. Schneiderian 
4 nerve. Re carat te J 





Fro, 809, Skerion Timovam THE BRAIN AND. Oe 
FACTORY OROAN OF AX RaRYO oF SoviLtuM. 
fied from figares by Marahall and myself.) 
~. Olfactory vesicle ; 


folds; 7, olfac- 
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senting the process in a very simple form, The general history of 
the process was first made out by Kélliker, : 





Fic, 310, DisOkAMMATIC VERTICAL SECTION THROUGH THE HEAD OF A LARVA OF 
sThowxZ0N. 
‘The larva had been hatched three days, and was 4-8 mm. in length. ‘Tho optie and 
auditory vesicles are supposed to be seen through tho tissues, 
pa. pineal gland; 


esicle op. 
Pt thyroid fae 





‘The opening of the nasal pit becomes surrounded by a ridge except 
on its oral side, The deficiency of this ridge on the side of the mouth 
gives rise to a kind of shallow groove leading from the nasal pit to 
the mouth. The ridge enveloping the opening of the nasal pit next 
becomes prolonged along the sides of this groove, especially on its 
inner one; and at the same time the superior maxillary process grows 
forwards so as to bound the lower part of its outer side, The inner 
and outer ridges, together with the superior maxillary process, enclose 
a deep groove, connecting the original opening of the nasal pit with 
the mouth, The process just deeetibed ds illustrated by fig. 311 A, 
and it may be seen that the ridge on the inner side of the groove 
forms the edge of the fronto-nasal process (/). 

On the sixth day (Born, 394) the sides of this groove unite together 
in the middle, and convert it into a caval open at both ends—the 
ventral openings of the canals of the two sides being placed just within 
the border of the mouth, and forming the posterior nares; while the 
external openings form the anterior nares, The upper part of the 
canal, together with the original nasal pit, is alone lined by olfactory 
epithelium; the remaining epithelium of the nasal cavity being indif- 
ferent epiblastic epithelium. Further changes subsequently take 
place in connection with the posterior nares, but these are deseri 
in the section dealing with the mouth, 

In Mammalia the general formation of the anterior and ee 
nares is the same as in Birds; but, as shewn by Dursy and Kdlliker, 
an outgrowth from the inner side of the canal between the two open- 
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ings arises at an early period; and becoming separate from the 
terior nares and provided with a special opening into the plans, 
forms the organ of Jacobson. The general relations of this organ 
when fully formed are shewn in fig. 312. 


In Lacertilia the formation of the posterior nares differs in some 
particulars from that in Birds (Born). A ve is formed leading 
from the primitive nasal pit to the mouth, on its inner side by 
the swollen edge of the fronto-nasal process, and on its outer by an outer- 
nasal process; while the superior maxillary process docs not assist in 





Fro, 311. Heap ov a Curck ynom BELOW ON THM SIXTH AND SEVENTH DAYS 
oy ixcusartox. (From Huzley.) 
vesicles; a. eye, in which the remains of the chorpid slit ean atill be 


J, cerebral 
seen in A; g. nasal pits; &. fronto-nasal iL superior maxil process ; 
tation aches eet oe Beak tioomad sone i. becca rieetal el et 

visceral cleft. 
the 


Jn A the cavity of the mouth is eeen enclosed by the fronto-natal proses, the 
ra] ma) iret of ¥i 

ares peeiSaeriee ts ea ic al pore als ele 
pits to the ‘are already closed over, 


‘The saperi ered aiied Sith ta trecte neal along 
superior maxilla we 
pearly tbe whole length of the later. ee 


at its dorsal end is the original opening of the nasal pit, and its 
ventral ctr within te ave of the milery ‘The latter 
forms the itive posterior nares. superior process 
oe eres the under side of the postacior [art 06 Oe soba 
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and assists in forming its under wall. This ingrowth of the superior 
maxillary process is the rodiment of the hard 

On the conversion of the nasal groove into a closed passage, the 
opening of Jacobson’s organ into the groove 


becomes concealed; and at a later eet 
Jxcobson’s organ becomes completely shut 
off from the nasul cavity, and opens into the 
mouth at the front end of an elongated 
groove leading back to the posterior nares, 
In Amphibia the posterior nares are 
formed in a mauner very different from that 
ofthe Amniota, At un oul stage a shallow 
groove is formed leading from the nasal pit & 
to the mouth; but this groove instead of 
forming the posterior nares soon vanishes, 
= _ 
Js ui 





and by the growth of the front of the head 
the nasal pits are carried farther away from 
the mouth. 

The actual posterior nares are formed Sere 

THnoves 

bre pet ann ae eee eet pl Seared pie TIEE NASAL Garis AmB Juccmaow's 

Spas at that the various Saack “ bis ¢ ee crea 
formation of the posterior nares of the Am- cuit Sno’ nant "4. 
niota are so many repetitions of the adult edge of upper jaw. 
states of lower forms, it may probably be 
assumed that the mode of formation of the posterior nares in Amphibin is 
secondary, as compared with that in the Amniota. 

A diverticulum of the front part of the nasal cavity of the Anura is 
probably to be regurded as « rudimentary form of Jacobson’s organ. 


Bis.iognarny. 
nile) G, Born. ‘Dio Nasenhoblen u, d. ae amnioten Wirbel- 


Me jiechea Jahrbuch, Ba. ¥., 5 
ot Sher die Suecbon'cahen ‘Ongane des Menschen." Fest- 


ee we LSE Mnrthall. “Morphology of the Verlabrate Olfactory Onan.” 
ack Journ, of Mier. Sclence, Vols 21k 1879. 





Sense organs of the lateral line, 
Although I do aah prupees, Aestng with the t of 


development 
various sense organs of the skin, there is one set of organs, viz, that of the 


lateral line, which, both from its wide extension amongst 
se ity weit oa rn a 


the Chestopoda', has » great morphological importance, 


‘The We phi cee resemble those of the lateral line are the remarkable pense 
organs found by whi in the Cael (ita Zot Saco 2 Reape Val.) 


bat I am not ineli Js a teue bomelogy be twoun those organn 
the Interal lino of Vertebrata. It seems to me the 
optic organs of ithalmus are & modification of the more 


Soe eee cha Ramalda ie aloes matnite ot Gane tao tres ct Uhatepeaa la 





acteristic of ‘Teleostei ; the other of Elasmobranchii. 
In just hatched Teleostei, Schulze (No. 402) found that instead of the 


freely 
pcre es peer aeemidiee radiant TIE 
cages each bulb is enclosed in a delicate tube open at its free extremity ; 
while the bulbs correspond in number with the myotomes, In 
peste {abl ee, bo.) ante eens organs ee 
most forms however each o1 becomes covered be gst 
adjacent tissue, one formed above and the other below 

of each pair then unite and form a tube open at both ends The 
series of tubes so formed is the commencement of the adult canal ; 
the primitive sense bulbs form the sensory organs of the tubes, 
adjacent tubes partially unite into a continuous canal, but at their 
oat pores are left, which place the canal in communication with 

exterior, 


Besides these parts, I have found that there is present in the just hatched 
Salmon a linear streak of modified epidermis on the level of the lateral 
nerve, and from the anulogy of the process described below for Elasmo~ 
branchii it ay to me probable that these streaks play some part in the 
formation of the canal of the lateral line, 


eit 


In Elasmobranchii (Scyllium) the lateral line is formed as a linear 
thickening of the mucous of epidermis, jis thickening is at 
first very short, but gradually grows backwards, its hinder end a 


(fig. 275, nf)’, though it soon assumes a di ition, 
jent stage, more or less ling to the stage just described 
in Elasmob ii, is retained in Chimera, and Echinorhinus spit 


i ranchii, 
the lateral line has the form of an oom groove (Solger, No, 404). 

The epidermic thickening, which forms the lateral line, is converted 
into a canal, not ax in Teleostel by the folding over of the sides, but | 
the formation of a cavity between the mucous and epidermic layers of 
epiblast, and the subsequent enclosure of this cavity by the modified cella 
of the mucous layer of the epiblast which constitute the lateral line. 
Die eels, BA. eppeers xs the hind ena of the organ, ail tien Saale 


entra np! agen haat drank pry Se 
fogal manner other nerves, directly. from 

For the reasons whieh prevent me accepting this view 

Monograph ow Elasmobranch Fishes, yp. 141—146, 
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After its conversion into a canal the lateral line gradually recedes fram 
the surface; remaining however connected with the epidermis at a series 
of points corresponding with the segments, and at these points perforations 
are eventually formed to constitute the segmental ares of the 5 

‘The manner in which the lumen of the is formed in Elasmo- 
branchs bears the same relation to the ordinary process of conversion 
of a groove into a canal that the formation of the anditory involution 
in Amphibia does to the same process in Birds, In both Elasmobranchii 
and Amphibia the mucous layer of the epiblast behaves exactly as does 
the whole epiblast in the other types, but is shut off from the surface by 
the passive epidermic layer of the epiblast. 

The mucous canals of the head and the ampulle are formed from the 
mucous layer of the epidermis in a manner very similar to the Juteral line ; 
but the nerves to them arise ax simple branches of the fifth and seventh 
nerves, which unite with them at 4 series of points, but do not follow 
their course like the lateral nerve. 

It is clear that the canal of the lateral line is secondary, as compared 
with the open groove of Chimera or the segmentally arranged sense bulbs 
of young Teleostei; and it is also clear that the phylogenetic mode of 
formation of the canal consisted in the closure of a itively See groove. 
‘The abbreviation of this process in Elasmobranchit was probably acquired 
after the appearance of food-yolk in the egg, and the consequent dis- 
appearance ity free larval stage. 








While the above points are fairly obvious it does not seem easy to 
decide @ priert whether a continuous sense groove or isolated sense bulbs 
were tho primitive structures from which the canals of the lateral line 
took their origin. Itis equally easy to picture the evolution of the canal of 
the lateral line either from (1) a continuous unsegmented sense line, certain 
points of which became segmentally differentiated into special sense bulbs, 
while the whole subsequently formed a groove and then a canal; or from 
(2) a series of isolated sense bulbs, for each of which a protective groove 
was developed ; and from the linear fusion of which a continuous canal 
became formed. 

From the presence however of a linear streak of modified epidermis 
in larval Teleostei, as well as in Elasmobranchii, it appears to me more 
probable that a linear sense strenk was the primitive structure from which 
all the modifications of the Jateral line took their origin, and that the 
segmentally arranged sense bulbs of Teleostei ure secondary differentiations 
of this primitive structure, 

‘The, at first sight remarkable, distribution of the vagus nerve to the 


lateral line is probably to be explained in connection with the evolution _ 


of this organ, As is indicated both Ly its innervation from the vagu 
as also from the region where it first becomes developed, the lateral line 
was probably originally restricted to the anterior part of the body. As it 
became prolonged backwards it naturally carried with it the vagus nerve, 
and thus a sensory branch of this nerve has come to innervate a region 
which is far beyond the limits of its original distribution. 
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CHAPTER XVIII. 


THE NOTOCHORD, THE VERTEBRAL COLUMN, THE 
RIBS AND THE STERNUM. 


Inrnopuction, 


Amonast the products of that part of the mesoblast which con- 
stitutes the connective tissue of the body special prominence must 
be given to the skeleton of the Vertebrata, from its importance in 
relation to numerous phylogenetic and morphological problems, 

The development of the skeleton is however so Eee a subject 
that it cannot be satisfactorily dealt with except in a special treatise 
devoted to it; and the following description must be regarded as a 
mere sketch, from which detail has been as far as possible excluded. 

In the lowest Chordata the sole structure nt, Which deserves 
to be called a skeleton, is the notochord. though the notochord 
often persists as an important organ in the true Vertebrata, yet there 
are always added to it various skeletal structures developed in the 
mesoblast. Before entering into a systematic description of these, it 
will be convenient to say a few as to the general characters of 
the skeleton. 

Two elements, distinct both in their genesis and structure, are 
to be recognized in the skeleton. The one, forming the true 
primitive internal skeleton or endoskeleton, is imbedded within the 
inuscles and is originally formed in cartilage. In many instances it 
retains a cartilaginous consistency through life, but in the a Cy 
of cases it becomes nally ossified, and converted into true 
Bones so formed are known as cartilage bones, 

The other element is originally fosried U7 the fusion of the 
ossified bases of the dermal placoid scales already described in Chay 
ter X1V., or by the fusion of the ossified bases of teeth situated in the 
mucous membrane of the mouth. In both instances the plates of bone 
so formed may lose the teeth or spines with which they were in the 
first instance covered, either by al tion in the individual, or phy- 
logenetically by their gradually ceasing to be developed. The 
of bone, which angie by the above process, become in higher 
types directly developed in the connective tissue beneath the skin; 


lea 
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original single opening of the nasal sack thus becomes nearly divided 
Gals twol in ‘Teloonts and Gancide the > 
division of the nasal opening into two 


homologous with the external nares, and 


* (Chroraie acid preparation.) 
‘ted in all Fishes by a ventral ‘cerebral’ heen 
OF the openi inal naeal pit 2.00 Paide'el dunt wescae 
aes either rae dig poss of the MB. mid-brain; Od. carebelfam; 
mouth (many Elasmobranchii) or is quite jal pit; of. ‘vosielo in the 
separate from the mouth (‘Teleostei and meats ‘with the 
Ganoidei). In the Dipnoi, Amphibia and mm r 
all the higher types the oral region be- 
comes extended so as to enclose the pos- 1 F. Tho first visceral fold; 
terior nares, and then each nasal pit ac-  sbore it is seen the superior max- 
quires two openings ; viz. one outside the ties ra F. Second, third and 
mouth, the external nares,and one within fourth ‘visceral folds, with the 
the mouth, the internal or posterior nares, Visceral clefts between them, 
Tn the Dipnoi the two nasal openings are 
very similar to those in Ganoidei and Teleostei, but both are placed on 
the under surface of the 
head, the inner one being 
within the mouth, and the 
external one is s0 close 
he the one pies “7 
the u ip that it 
has fea aaaitarad by 
some anatomists to lie 
within the mouth, 
Wisi vison 

ty e its have 
aginally aie single 
opening, and the onto- 
genetic process by which 
the posterior nasal open- 
ing is formed has FACTORY GROAN OF AX KoERYO oF SCYLLIUM. 
studied in the Amniota Heh toes fgures Wi stele 

ahi h, cerebral hemispheres; ol.v. olfsctory vesicle; 
and Am asd aati oy. olfactory pit; Sek. Schuelderian folds; 7. ollacr 


take the Chick as repre- taken thromgh the nerve to the brain. 
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senting the ess in a very simple form. The general history of 
They gioSeaivas Stee tenis out dlliker. : 


sos 


\Z 
he Vxae i a 





Fin. $10. Disgeamaatto vRRTICAl &RCTION THROUGH THK HEAD OF A LARYA oF 
Pernomyzon, 

‘Tho larva had been hatched threo days, and was 48 mm. in length. ‘The optic and 
‘auditory vesicles are supposed to be scen through the tissues. 

eh. cerebral hemisphere ; th, optic thalamus; én, infundibulum; pineal id; 
mb. mid-brain; eb. poets ‘nd. medulla ‘oblongata auc. sodiary Said + op. 
optic vesicle; ol, olfactory pit ;'m. mouth; br.c. branchial pouches; th. thyroid in- 
volution ; v.a0. ventral aorta; ht. ventricle of heart; ch. notochord. 


The poate of the nasal pit becomes surrounded by a. ridge except 
on its oral side. The deficiency of this ridge on the side of the mouth 
gives rise to a kind of shallow groove leading from the nasal pit to 
the mouth. The ridge enveloping the opening of the nasal pit next 
becomes prolonged along the sides of this groove, especially on its 
inner one ; and at the same time the superior maxillary process grows 
forwards so as to bound the lower part of its outer side. The inner 
and outer ridges, together with the superior maxillary process, enclose 
a deep groove, connecting the original oj ad of the nasal pit with 
the mouth. The process just eecibel i illustrated by fig. 311 A, 
and it may be seen that the ridge on the inner side of the groove 
forms the edge of the fronto-nasal process (i). 

On the sixth day (Born, 394) the sides of this groove unite together 
in the middle, and convert it into a canal open at both ends—the 
ventral openings of the canals of the two sides being placed just within 
the border of the mouth, and forming the posterior nares; while the 
external openings form the anterior nares, The upper part of the 
canal, together with the original nasal pit, is alone lined by pleaetey 
epithelium; the remaining epithelium of the nasal cavity being indif- 
ferent epiblastic epithelium. Further changes subsequently take 

lace in connection with the posterior nares, but these are described 
in the section dealing with the mouth, 

In Mammalia the general formation of the anterior and poste 
nares is the same as in Birds; but, as shewn by Dursy and Kélliker, 
an outgrowth from the inner side of the canal between the two open- 
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ings arises at an early period; and becoming separate from the 
ftie nares and prorated with a special anti into the ere 
forms the organ of Jacobson. The general relations of this ongan 
when fully formed are shewn in fig. 312. 
In Lacertilia the formation. of the posterior nares differs in some 
peas from that in Birds (Born). A we ix formed leading 
the primitive nasal pit to the mouth, bor on its inner side by 
the swollen edge of the fronto-nasal process, and on its outer by an outer- 
nasal process; while the superior maxillary process does not assist in 


A B 


@ 





Fi, 311, Heap oF 4 Ontck FROM BELOW ON THE SIXTH AXD SEVENTIE DATE 
excenation. (From Huxley.) 





Ta A the cavity of the mouth is sean enclowe ty tho, front-nasa prose the 
Drocemes nnd the fret pair of visceral archos. At the tack of it is 


pita to the are closed over. 

In B ing of the mouth hax become much constricted, but it is 
still enclosed by the fronto-nasl process and superior maxi and 
by the inferior maxillary processes (first pair of 1 arches 


bounding it On the inner side of the narrowest part of thin 

there is formed a large lateral diverticulum, which is lined by a con- 

en of the = pee epithelium, and forms the eer hae 

J '* organ. groove continues to grow in 

soon becomes converted into a canal by the paction the outer-nasal 
with the fronto-nasal process, “This canal is open at both ends: 

at its dorsal end is placed the original opening of the nasal pit, and ite 

ventral opening is situated within the cavity of the mouth. 

forms the primitive posterior nares. The superior maxillary process soon 

grows inwards on the under side of the posterior part of the nasal passage, 
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and assists in forming its under wall, This ingrowth of the superior 
cose process is the rudiment of the hard 

On the conversion of the nasal groove into a closed passage, the 
opening of Jacobson’s organ into the groove 
becomes concealed ; and at a later period > 


Jacobson’s organ. becomes completely shut 
off from the nasul cavity, and opens into the 
mouth at the front end of an clongated 
groove leading back to the posterior nares, 
In Avaphiia the posterior nares are 
formed in a manner very different from that 
ofthe Ampiota. Atun eurly stage a shallow 
groove is formed lew from the nasal pit & 
to the pone but this groove instead of 
forming the posterior nares soon vanishes, =, 


and by the growth of the front of the head 
the nasal pits are carried farther away from | ie 
the mouth, a . 
The actual posterior nares are formed 
by a perforation in the palate, opening into Fr, 312. Srextom THaovGn 
the blind end of the original nasal pit. wanna) 
aceres that ther various cas inthe Ly ERS anal 
formation of the posterior nares of the Am- cary F Vaxeloree organ; d. 
niota are so many repetitions of the adult edge of upper jaw. 
states of lower forms, it may probably be 
assumed that the mode of formation of the posterior nares in Amphibia is 
secondary, a8 compared with that in the Amniota, 
A diverticulum of the front part of the nasal cavity of the Anura is 
probably to be regarded as a rudimentary form of Jacobson’s organ. 


Brauiocearay. 
394) G.B G. Bam | “Dic Nasenhdhlen u. d. TY 4d. amnioten Wirbel- 


id ‘hes Jahrbuch, Bd. v., ¥ 
a rw asiiten, Pen Ee ekeneita igsna tee Weak”. ‘Fit 


M. tlt hall. a} ff the Vertebrate Olfactory Organ,” 
ae ees of Mier. Science, Vol. 21% 1879. 


Sense organs of the lateral line. 
Although I do not propose dealing with the general sevsleemea of 
various sense organs of the skin, there is one set of organs, 
lateral line, which, both from its wide extension eras ae er 
ne eat a Sy Ok ern ee eee eo eee 
amongst the Chutopoda', has a great morphological in 
ea geste resimble those of the lateral tine are 


the remar 
in the Cuptelldn(Mitheit a de Zool. Station ANeape Volt); 
eee eeicne fans ts pire basiciiny ata en pean 


ral ing of Vertebrata See to he robe i nena arene 
optic organs of poviae modification more 
Peneu omens of the Capitellidw, The close affinity of these two types of Chwtopods is 
fa le to this view, 
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‘The organs of the lateral line consist as a rule of canals, partly situated: 
the head, and partly in the trunk. These canals open at intervals « 
face, and their contain a series of nerve-endings The 
are inne 
niches of the canal in the head innervated for the most part by 
S65 AR pe arlene ct io! Lean iy. the ube as aes ee 
sh erv-cting af wich a egienaly erage, ne 
Di ich are segmentally if 
ty developmen 
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adjacent tubes partially unite into a continuous canal, but at their 
SC apposition pucad ate sath which pluce the canal in commu 
Beside th Thave fund that th in the 

i ee we found that there is t j 
dane Cane eas of modified epideemi seen thes level of 
nerve, and from the anulogy of the process described below 
branchii it appears to me probable that these streaks play some 
formation of the canal of the lateral line, 

In Elasmobranchii sea nsca the lateral line is formed as a 
thickening of the mucous layer of the epidermis, This thickening 
first very short, but gradually grows backwards, its hinder end 
kind of enlarged growing point, The lateral nerve ix formed shortly 
the lateral line, and by the time that the lateral line hus reached the level 
of the anus the lateral nerve has grown back for about two-thirds of that 
distance, The lateral nerve would seem to be formed as a branch of the 


vagus, 
(fig. Ai wi)', though it soon assumes a 
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the lateral line has the form of an groove (Solger, No. 404). 

Tho epidurmic thickening, which forms the lateral line, is converted: 
into @ canal, not as in Teleostei by the folding aver of the sides, but by 
the formation of a cavity between the mucous and epidermic layers of the 
epiblast, and the subsequent enclosure of this cavity by the modified cells 
of the mucous layer of the epiblast which constitute the lateral line. 
SAR ay Bin sees ok the ind end of the organ, and thence extends 
forwards, 


manner like other nerves, is directly derived from the epiblast of the sternt 
Fe lan reecaa each ented sas seakcine thie tine nial ree the aie a 
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After its conversion into a canal the lateral line gradually recedes from 
the surface ; remaining however connected with the epidermis at a series 
of points nding with the segments, and at these points perforations 
are eventually formed to constitute the segmental apertures of the bee 

The manner in which the lumen of the canal is formed in Elasmo- 
branchs bears the same relation to the ordinary process of conversion 
of a groove into a canal that the formation of the auditory involution 
in Amphibia does to the same process in Birds, In both Elasmobranchii 
and Amphibia the mucous layer of the epiblast behaves exactly as does 
the whole epiblast in the other types, but is shut off from the surface by 
the passive epidermic layer of the epiblast. 

(he mucous canals of the head and the ampullw are formed from the 
mucous layer of the epidermis in a manner very similar to the Jateral line ; 
but the nerves to them arise as simple branches of the fifth and seventh 
nerves, which unite with them at a series of points, but do not follow 
their course like the lateral nerve, 

It is clear that the canal of the lateral line is secondary, as eaters 
with the Gin groove of Chimera or the segmentally arranged sense bulbs 
of young Teleostei; and it is also clear that the phylogenetic mode of 
formation of the canal consisted in the closure of a primitively open groove. 
‘The abbreviation of this process in Elasmobranchii was probably acquired 
after the appearance of fuod-yolk in the egg, and the consequent dis- 
appearance of « free larval stage, 

While the above points are fairly obvious it does not seem easy to 
decide @ priori whether a continuous sense or isolated sense bulbs: 
were the tive structures from which the canals of the lateral line 
took their origin. It is equally easy to picture the evolution of the canal of 
the lateral line either from (1) a continuous unsegmented sense line, certain 
points of which became segmentally differentiated into special sense bulbs, 
while the whole subsequently formed a groove and then a canal; or from 
(2) a series of isolated sense bulbs, for each of which «a protective groove 
was developed; and from the linear fusion of which a continuous canal 
became formed. 

From the presence however of a linear streak of modified epidermis 
in larval Teleostei, as well as in Elasmobranchii, it appears to me more 
probable that a linear sense streak was the primitive structure from which 
all the modifications of the lateral line took their origin, and that the 
segmentally arranged sense bulbs of Teleostei are secondary differentiations 
of this primitive structure. 

The, at first sight remarkable, distribution of the nerve to the 
luteral line is probably to be explained in connection with the evolution _ 
of this organ. As is indicated Tout by its innervation from the vagus, 
as also from the region where it first becomes developed, the luteral line 
was probably originally restricted to the anterior part of the body, As it 
became prolonged backwards it naturally carried with it the vagus nerve, 
and thus a sensory branch of this nerve has come to innervate a region 
which is far beyond the limits of ita original distribution. 
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somewhat constricted, In the intervertebral regions the cartilaginous 
sheath of the notochord becomes more definitely fibrous, while the 
notochord is in no way constricted, 
A diagrammatic longitudinal section 
through the eocetea column, while 
these changes are being effected, is 
shewn in fig, 320 B, 

These processes are soon carried 
further. The notochord within the 
vertebral body becomes gradually con- 
stricted, especially in the median plane, 
till it is here reduced to a fibrous band, 
which gradually enlarges in either di- 
rection till it reaches its maximum 
thickness in the median plane of the 
intervertebral region. The hyaline 
cartilage of the vertebral region forms 
a vertebral body in which calcification 
may to some extent take place. The 
cartilage of the base of the arches 
gradually spreads over it, and on the 
al ion of the membrana elastica 
externa, which usually takes place long 
before the adult state is reached, the 
arch tissue becomes indistinguishably 
fused with that of the vertebral bodies, 
so that the latter are compound struc- 
tures, partly formed of the primitive 
cartilaginous sheath, and partly of the 
tissue of the bases of the neural and 
hwmal arches, Owing to the beaded 
ess the notochord the renee) a bike eee 

ies take of necessity a bi ve esd bt 
hourglass-shaped form. 4 Risictthes ase th iy lL 

@ intervertebral regions of the sm pxoiw ov cme TALh. 
primitive sheath of the notochord frm wa. neural arch; ha, hema 
tibrous intervertebral ligaments enclos- ash lee ah. Serr 
ing the unconstricted intervertebral ciasticn externa. | 
sactions of the notochord. 


A peculiar fact may here be noticed with reference to the formation 
of the vertebral bodies in the tail of Scyllium, Raja, and possibly other 
forms, viz, that there are dowhle as many vertebral bodies as there ave 
myotomes and apinal nerves, his is not due to a secondary ntation 
of the vertebra: but, as I have satistied my salt by a study of the develop- 
me a pase sl ie Mekal vate padi see icinel ty 

ility of a1 relation 8 to be explained 
the eaiiae the segmentation of Flair reed arose sulsequently 
to that of the nerves and myotomes, 
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The with biconcave vertebre is retained through life in the 


Perennibranchiata and Gy: 


The chief peculiarity which pea the later history of their 


vertebral’ column from that of fis! 

consists in the immense prone 
of the intervertebral thickenings just 
mentioned, which increase to su 

extent as to reduce the notochord, 
where it passes through them, to a 
mere band; while cartilage of 
which ay are composed becomes dif- 
ferentiated into two regions, one be- 
longing to the vertebra in front, the 
other to that behind, the hinder one 
being convex, and the anterior concave. 
‘The two parts are not however abso- 
lutely separated from each other. 

By these changes each vertebra 
comes to be composed of (1) a thin 
osseous somewhat —hourglass-shay 
cylinder with a dilated portion of the 
notochord in its centre, and (2 and 3) 
of two halves of two intervertels 
cartilages, viz. an anterior convex half 
and a posterior concave half. The 
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Fro. $20, Dison xernesexrixo Tim MODE OF DEVELOTMENT OF THE VERTED 
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striction of the notochord as effected in interver, 
tebrai parts of the cartilaginous sheath belng converted into intervertebral ligaments, 
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laginous neural arches. The latter are placed in the vertebral regions, 
and in these veer ossification very early sets in, while the noto- 
chord remains relatively siteteatictad, Tn the intervertebral regions 


the cartilage becomes thickened, as in Amphibia, and gradually eon- 


stricts the notochord. The cartilage in each of the intervertebral 
regions soon becomes divided into two parts which form the articular 
faces of two contiguous vertebra, 

The p rie of the vertebral column on the completion 
of these changes is shewn in fig. 820 D, The later cha are 
relatively unimportant. The constricted intervertebral sections of 
the notochord rapidly disappear, while the vertebral sections become 
partially converted into cartilage, and only cease to be distinguishable 
ut a considerably later peri 

he ossification extends from the bodies of the vertebrw: into the 
arches and into the articular surfaces, so that the whole vertebra 
eventually become ossified. 

The Ascalabote (Geckos) present an exceptional type of vertebral 

colunn which his many of the characters of a deve'opmental stage in 
other Lizards. The body of the vertebra is formed of a slightly hourglass- 
shaped osseous tube, united with adjoining vertebre short inter- 
vertebral cartilage. There is a persistent and continuow ord which, 
owing to the small de ent of the intervertebral cartilages, is marnower 
in the vertebral than in intervertebral regions. 
Aves, In Birds the cellular tube formed round the notochord 
is far thicker than in the Reptilia, It is continuous in the regions 
of the future vertebre with neural arches, which do not at first nearly 
enclose the spinal cord. 

On about the fifth day, in the case of the chick, it becomes differ~ 
entiated into vertebral regions opposite the attachments of the neural 
arches, and intervertebral regions between them; the two sets of 
regions being only pre pa by their histological characters, 
Very shortly afterwards each intervertebral region becomes segmented 
into two which respectively attach themselves to the contignous 
vertebral regions. A part of each intervertebral region, immediately 
adjoining the notochord, does not however undergo this division, and 
afterwards gives rise to the ligamentum suspensorium, 

The notochord during these changes at first remains indifferent, 
but subsequently, on about the seventh day in the chick, a slight 
constriction of each vertebral region takes place; so that the ver- 
tebraw have temporarily, as they tad also in Amphibia, a biconcave 
form which repeats the permanent condition of most fishes, By 
the ninth and tenth days, however, this condition has completely 
disappeared, and in all the intervertebral portions the ni has 
become distinctly constricted, and at the same time in each vertebral 
portion there have also ay two constrictions of the notochord 
giving rise to a central to two terminal ¢ ~~ 

On the twelfth day the ossification of ° 
commences, 
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Mammals retain a more primitive and piscine mode of formation of 





Fro, 322, Loxorrenrxar. stcTioN THMOvGH THE INTREVETEBKAL LIOASIENT AND AD~ 
JACENT PANTS OF TWO VERTENRLE YHOM THK THOMACIC WOON OF AN ADVANCED ESEMRTO 
or Spe (From Kolliker.) 

mentum sreparieet anterius; ip. ligamentum posterius; Ui. ligne 
aor tum intervartebrale ; ky ke. epi eae een w, and Ww". une. oe pid Bahr 
emia intervertebral dilatation of notochord; e’, and ¢”, vertebral dilatation of 
not 


the vertebral column than the majority either of the Reptilia or 
Amphibia. 


Bretioararny ef Notochord and Vertebral column. 


(ts) Cartior. “Beltrige zur Entwicklungygeschichte dor Wirhelstule."  Zeit- 
schrife fiir wins, Zoot. Ba. xxv, Suppl. 1875. 
aes o. CoS Untersuchungen sur Fis erga ohead Anatomie der Wirbel- 
Amphibien und Lei 


wa c. &. Gegenbaur. “thriving dr Witla des des Lepidostens 
mit vergleichend anatomischen Bemer! .” Senatache Zeitschrift, Ba. 112. 1868. 
{418}, C, Gegenbaur. «Usb, rata pone enaleche Zelt- 
vey AL: Gotta“ Beltstge zur whol. dew Skelotaystema a. 
I. ree 
Wirt efthiaro.” IE. “Die Wirbelaiiule u. bye ot Arehie f. mike, Auat., Vol. 
ie 1878 haa ome Ganoiden, Plagiostomen, }s amd Vol, xvi. 1879 
(Teleostier) 
(20) Hasse und Schwarck, “Studien zur vergleichenden Anatomie der Wir- 
bel Mau a Rae Hanse, i eeariicee Syeteee a a “ a 
Elasmobranchier auf Grundlage 
ont PF Entetek, ‘theer 7 wribelanute a 1879. 


(aaa) A. Kolliker, ue die der Chorda dorsalis 
der apa 0." Verhandinngen de 
medicin. Geselise! 


ff3) A E! cater + Weitere Beabachtungen ‘fiber die Halts der Selachier 
peley kere remake in Frankfurt, Ba v. 
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form together with the hemal arches « closed hmemul canal which smporficially 


resembles that in tives elie’ ? 

Tn Lepidostons and Amia, especially the former, the same phenomenon 
is still more marked; and in Lepidosteus it is easy, in paxsing backwards, 
to trace the ribs bending ventral-wards, and uniting veutrally in the caudal 
region to form, with the hwmal processes, a con hemal canal, 

It might have been anticipated that the Teleostean Ganoids would 
resemble the Teleostei, but, from an examination of adult Tvleostei, it 
would soem to be clear that the relations of the parts are the sxme as in 
Elasmobranchii, ie, that the ribs have no share in forming the hemal 
caval in the tail. Aug, Miller and Gotte have however brought embryo- 
logical evidence (though not of a conclusive character), to shew that in the 
embryo the ribs really fuse with the hwmal processes in the tail, and so 
assist, a8 in the Ganoids, in forming the hwnal cunal. Gotte moreover holds 
that the ribs in Elasmobranchii are not homologous with those of 'Teleostei 
and Ganoids; but thut the hemal arches in the tail are homologous in the 
three groups. 

Without necessarily following Gitte in these views it is worth pointing 
out that the undoubtedly close affinity between the bony Ganoids and the 
Teloosrei is in favour of the view ou the hemal arches of Teleostei at 
which he has arrived on embryological grounds. 

In Amphibia the formatiyn of the ribs from the connective tissue of the 
intermuscular septa, their secondary attachment to the transverse procesnes 
of the neural arches, and their subsequent separation was first clearly 
established by Fick (No. 431), whose statements have since been confirmed 
by Hasse, Born, &e., and in part by Gétte, who holds however that, though 
converted into cartilage independently of the transverse processes, they 
are formed in membrane as outgrowths of these processes. 

Iu the Amniota the ribs are also independently established (Hasse and 
Born), though they subsequently become united to the transverse processes 
and to the bodies of the vertebra, or to the transverse processes only, 
This junction is however stated by the m: ity of authorities, never to 
be ctivcted by the fusion of the cartilage of the two oa but always by 
fibrous tissue; though Hoffman (No. 435) takes a different view on thix 
subject, holding that the ribs are at first continuons with the intervertebral 
regions of the primitive cartilaginous tube surrounding the notochord. 

Sternum, In dealing with the development of the sternum it 
will be convenient to leave out of consideration the interclavicle or 
episternum which is, properly speaking, only part of the shoulder 
girdle and to confine my statements to the sternum J 

This structure is found in all the Amniota except the Ophidia, 
Chelonia, and some of the Amphishenz, 

From the older researches of Rathke, and from the newer ones of 
Gétte, ete. it appears that the sternum is always formed from the 
fusion of the ventral extremities of a certain number of ribs, The 
extremities of the ribs unite with each other from before backwards, 
and thus give rise to two cartilaginous bands. These bands become 
segmented off from the ribs with which they are at first continuous, 
and subsequently fuse in the median ventral line to form an unpaired 
sternum. The Mammalian presternum (manubrium sterni) and 


CHAPTER XIX. 
THE SKULL. 


Turee distinct sets of elements may enter into the composition 
of the skull. These are (1) the cranium proper, composed of true 
enduskeletal elements originally formed in peckews i to which are 
usually added cxoskeletal osseous elements, formed in the manner 
already described p. 447, and known in the higher types as membrane 
bones. (2) The visceral arches formed primitively as cartilaginous 
bars, but in the higher types largely supplemented or even replaced 
by exoskeletal elements. (3) The labial cartilages. 

These parts present themselves in the most various forms, and 
their study constitutes one of the most important departments of verte- 
brate morphology, and one which has always been a favourite subject 
of study with anatomists. At the end of the last century and during 
the first half of the present century the morphology of the skull was 
handled from the point of view of the adult subeny by Goethe, Oken, 
Cuvier, Owen, and many other anatomists, while Dugés and, nearer 
to our own time, Rathke, laid the foundation of an em! 
study of its morphology. A new era in the study of the was 
inaugurated by Huxley in his Croonian lecture in 1858, and in his 
lectures on Comparative Anatomy subsequently delivered before the 
Royal College of Surgeons. In these lectures Huxley disproved the 
then widely accepted view that the skull was composed of four ver- 
tebre ; laid the foundation of a more satistactory method of 
dealing with the homologies of its constituent parts. Since then the 
knowledge of the development of the skull has made great Hee! 
In this country a number of very interesting memoirs have been 
published on the subject by Parker, which er constitute a most 
striking contribution to our knowledge of the ontogeny of the skull 
in a series of types; and in Germany nbaur's mo on the 
cephalic skeleton of Elasmobranchii has greatly pi a scien- 
tific appreciation of the nature of the skull. 

In the present pres ip only the most important features in the 
development of the skull will be touched on. 
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basilar plate; though in a certain number of eases remnants of it are 
found in the adult state, Z 


It will be convenient to say a few words here with reference to the 
notochord in the head. It always extends along the floor of the mid- 
and hind-brains, but ends immediately behind the infundibulum. The 
limits of its anterior extension ave clearly shewn in fig. 43. The front eud 
of the notochord often becomes more or less ventrally flexed in corre- 
spondence with the cranial flexure; its anterior end being in some instances 
(Elasmobranchii) almost bent backwards (fig. 324). 

Killiker has ahewn that in the Rabbit', and I believe that a more or 
lest similar phenomenon may also be ob- 
served in Birds, the anterior end of the 
notochord is united to the hypoblast of 
the throat in immediate contiguity with 
the opening of the pituitary body ; but it ix 
not clear whether this is to be looked upon 
us the remnant of a primitive attachment 
of the notochord to the hypoblast, or as a 
secondary attachinent. 

Before the parachordals are formed 
the anterior end of the notochord bas 
usually undergone a partial atrophy ; and 
its front end often becomes sumewhat 
dorauily flexed. Within the basilar plate 
it often exhibits two or more dilatations, 
which have been regarded by Parker and 
Killiker as indicative of a segmentation 
of this plate; lut they hardly appear to 
me to be capable of this interpretation. 





Fie, 824. Loxorruprar sne- 
‘TION THROUGH TH MAIN OF A 
YouNG Phistiunus msmEvo, 


Re In Elasmobranchs where, a uv 
above, a very primitive type of lop- 
ment of the vertebral column is re- 


id-brain; ob. cerebellum; ch, 
notochord; al. alimentary tract; 
Taq. artery of mandibular arch. 


tained, we find that the basilar plate 
is at first formed of (1) the aie ey invested by its cartilaginous 
sheath, and (2) of lateral masses of cartilage, the parachordals, homolo- 
gous with the arch tissue of the vertebral column. This development 
probably indicates that the basilar plate contains in itself the 
same elements as those from which the neural arches and 
the centra of the vertebral column are formed; but that it 
never passes beyond the unsegmented stage at first charae- 
teristic of the vertebral column. The hinder end of each 
parachordal forms a condyle articulating with the first vertebra; 
so that in the cartilaginous skull there are always two occipital 
condyles, The basilar plate always grows up behind (fig. 326, s0), 
and gives rise to a complete cartilaginous ring enveloping the 
medulla oblongata, in the same manner that the neural arches 
envelope the spinal cord. This ring forms an occipital cartilaginous 
ring; in front of it the basilar plate becomes laterally continuous 


1 Embryologische Mittheilangen.” Festschrift d, Naturfor, Gesell., Halle, 1879, 
30-2 
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an argument, not without force, which has been appealed to in support of 
this view. 

In the majority of the lower forms the trabecule arise quite inde- 
pendently of the hordals, though the two sets of elements soon 
unite; while in Birds (fig. 325) and Mammals the parachordals and 
trabeculae are formed as a continuous whole. The junction between 
the trabeculw and parachordals becomes marked i # cartilaginous 
ridge known as the posterior clinoid. 

‘The trabecule are usually somewhat papal, meeting in front. 
and behind, and leaving a large pituitary space between their middle 
parts (figs, 323 and 325). Into this space there primitively projects 





Fic, 826, Sine view oF THE CARTILAGINOUS CRANIUM oF A Fown ox Tink 
SRVENTHC DAY OF INCUBATION. (After Parker.) 
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the whole base of the fore-brain, but the space itself gradually be- 
comes narrowed, till it usually contains only the pituitary body, The 
carotid arteries always pass through it in the embryo; but in the 
higher forms it ceases to be perforated in the adult. The trabeculae 
soon unite together both in front and behind and form a com- 
plete plate underneath the fore-brain, and extending into the nasal 
region, A ial vertical growth of this plate in the region of the 
orbit forms he interorbital plate of Teleostei, Lacertilia and Aves 
(fig, 326, ps), on the upper surface of which the front part of the 
brain rests. The trabecular floor of the brain does not remain 
simple. Its sides grow vertically upwards, forming a wall for 
the brain, in which in the higher types two regions may be distin- 
guished, viz. an alisphenoidal region (fig. 326, as) behind, growing 
out from what is known as the basisphenoidal region of the 


1 In. Man (Koliike) the trabecula form foun the fire « continuous plate in front 
of the pituitary space, and the latter very early adquires a cartilaginous floor. 
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conechisive argument against their being branchial arches, in that true 
branchial arches hardly ever or perhaps never arive in this way, 

The sense capsules. The most important of these is the andi 
capsule, which, as we have seen, fuses datimately with the lateral aati 
of the skull. In front there is usually a cleft rating it from the 
alixsphenoid region of the skull, through which the third division of 
the fifth nerve passes out. This cleft narrowed to a small 
foramen (fig. 327, ), ‘The sclerotic cartilage ix always free, but pro- 
found'y modifies the region of the cranium near which it is placed. 
‘Phe nasal investment forms in Elasmobranchs (fig. 327, Na) a capsule 
open below, and continuous with the ethmoid region of the trabecule, 
ai types Baweayer it becomes sate closely united with the 
ethmoi ion ani plore oe longing to it, 

The eadillnaiatai cranium, the devel ery of which has been 
thus briefly traced, persists in the adult without even the addition of 
iembrane bones in the Cyclostomata, Elasmobranchii (tig. 327) and 
Holocephali. In the Selachioid Ganoids it is also found in the adult, 
but is covered over by membrane bones. In all other it is 
invariably present in embryo, but becomes in the adult more or 
less replaced by osseous tissue. 


Branchial skeleton. 

The most primitive type of branchial skeleton in any existing 
form would appear to be that of the Petromyzonidw, biol is deves 
loped in a superficial subdermal tissue, and consists of a series of bars 
united by transverse pieces, so as to form a basket-work. It is known 
as an extra-branchial system, and an early Bigs of its development in 
the Lamprey is shewn in fig. 47. In the bigher forms this system is 
replaced by a series of bars, known as the branchial bars, so situated 
as to afford support to the successive branchial pouches. Outside 
these bars there may be prevent in some primitive forms (Elasmobran- 
chii) cartilaginous elements, which are supposed to be remnants of the 
extra-branchial system (tig. 327, 2x.r); while a series of membrane 
bones is also usually ded to them, which will be dealt with in a 
separate section. he branchial bars are developed as simple carti- 
Jaginous rods in the deeper parts of the mesoblast which constitutes 
the primitive branchial arches. 

The position of the branchial bars in relation to the somatopleure and 
splunchnopleure can be determined from their relation to the so-called head 
cavities. These cavities atrophy before the formation of the cartilaginous 
branchial bars, but it will be observed (fig. 328), that the artery of each 
arch (aa) is placed on the inner side of the head cavity (pp). The cartila- 
ginous bar arises at a Jater period on the inner side of the and 
therefore on the inner side of the section of the body cavity primitively 
present in the arches, 

An anterior arch, known as the mandibular arch, placed in front 
of the hyo-mandibular cleft, and a second arch, known as the hyvid 
acc, placed in front of the hyo-branchial cleft, are developed in all 
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cartilage becomes divided into a series of segments, usually four, 
articulated so as to be more or less mobile: and either remaining 
cartilaginous or becoming partially or wholly ossified. Each bar (fig. 
327) forms a somewhat curved structure, embracing the p! 

The dorsal and somewhat horizontally placed segment is known as the 
pharyngobranchial (Phen). the next two as the epibranchial (2.Br) 
and ceratobranchial (C.Br), and the ventral segment as the bypo- 
branchial (H.Br), There is also typically present a basal unpaired 
segment, uniting the bars of the two sides, known as the basibranchial 
(B. Se inous rays which support the 
gill lamellae. 

In Teéleostei dental plates are usually developed as an exoskeletal 
covering on parts of the branchial arches. 

In the Amphibia four or three branchial arches are present in the 
embryo. ‘hese parts are more or less completely retained in the 
Perennibranchiata and Caducibranchiata, but in the Myctodera and 
pee they become largely reduced, and entirely connected with the 

id. 

-In the Anura they never reach any considerable development, and 

are soon reduced to a plate (fig, 380)—the coalesced basihyal and 
basi-branchial plate—the 
terior processes of which re- 
resent the remnants of the 
ranchial arches, 

According to Parker the pox 
terior process of this plate in the 
adult ix a remnant of the fourth 
branchial bar; the next one is 
the third branchial bar, while the 
anterior lamina behind the hyoid 
is stated by him (though this ix 
somewhat doubtful) to be a rem- {MORDED) SIDE VIEW OF SKULL. 
nant of the first two bars, ae sauivary capeutos in front of it ta 

In the Amniota, the lran- the cranial side wall; 4.N. external nostril ; 
chial arches become still more ft.stapes; Mek. Meekslian cartilages pid 
degenerated, in correlation with oy coratohyal: Br. . 
Le en disappearance bach paanes: #.0. exoccipital ; Pr.O. % 

ranchial iration at patistal’ ‘ines ean: 
periods of life ‘Their remnants [ogee me tes iol “Art, 
become more or less important articular; D. dentary. 
parts ie the het bone, and aa Pieler “ 
are solely employed in sy of the tongue. eir pectin 
are tee oe fichier at of the body of the hyoid, The 
posterior Nayroid) cornua of the hyoid are remnants of the trae 
arches. Of these there are two in the Chelonia and Lacertilia, and 
one in the Aves and Mammalia. In Aves the cornu formed from 
the first branchial arch (fig. 331 cbr) is always larger than that of the 
true hyoid arch (ch). 
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together, and the cartilages of the two sides composing them meet 
each other oa 

ofthe plerpge-quadrate is tteted a Kaamat (FPS) whi tabee 
part of t = eet rate is situated a ligament (M/. Pt), whi 
the the Hees onl urooee oEte e Tens stage, and passes 
up ou the anterior side of the spiracle, to be attached to the cranium 
in the front part of the anditory region. This ligament, which is 
supplemented by a second ligament the ethmopalatine ligament, 
passing from the pterygo-quadrate bar to the antorbital region of the 
skull, is not the most important super of the jaw, The main 
port is, on the contrary, Biven.by hyoid arch; the hyomandi 
segment of which (/.J/) as @ adjoining segment (cerato- 
hyoid C.Hy) are firmly attached by ligament to the mandibular arch. 
The hyomandibular is articulated with the cranium beneath the 
pterotic ridge (Pt.0), 

In the type just described, the hyoid and mandibular arches 
unde:go less modification than in almost any other case. The 
hyoid arch hss altered its form, but retains its respiratory func- 
tion. It has however acquired the secondary function of supporting 
the mandibular arch. The mandibular arch is divided into two 
elements, which form respectively the w and lower jaws. It is 
not directly articulated with the skull, and its mode peeps by the 
hyoid arch has been called by Huxley (No. 445) hyostylic. 

The development of the hyoid and mandibular arches in the 
Skate is characterised by a few important features (fig. 333). The 
anterior element of the hyvid 
arch, which forms the hyoman- 
dibular (4M), becomes entirely 
separate from the posterior part 
of the arch, and only serves tu 
support the jaws. The poste- 
cone the arch viily) 
earries on the respiratory fune- 
tions of the hyoid, and is closely 
ounce pain the first bran- 
chial are! [he upper or me- 
tapterygoid Katee of the canines Baxra, 14 
mandibular arch (ALPt) has ap, teateoulas PLPL. 
considerable develoy : Evie larq ie. cunithahar levy Lee uate 
becoming separa rom the is lage 5 H 
remainder of the arch, forma ais 1 sea of breil elotyoul 
mass of cartilage with one or cleft or j Pn. pineal gland; du. an- 
two branchial rays, in the front ditory + C1, 0.2, ant €.3, vesicles of 
wall of the spiracle, and con- the Umin. if: 
stitutes a section of the mandibular arch still retaining traces 
of its primitive function in supporting the wall of a branchial 


pouch. 
Although the development of 





1 types is not 
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development very similar to that in Raja, It is formed as a simple 
cartilaginous bar, which soon becomes segmented longitudinally 
into an anterior and a posterior part (fg. 384), The former consti- 
tutes the hyomandibular (H.Mf), while the latter, becoming more and 
more separated from the hyomandibular, constitutes the id arch 
pres owing to the disappearance of the hyobranchial cleft, it 
joses its primitive function, and sérves on the one hand to sw 

the operculum covering the gills, and on the other to su the 
tongue. It becomes segmented into a series of parts which are ossi- 
fied Cg. 335) as the epiceratohyal mh) above, then a lange cerato- 
gel (ch), followed by a bypohsal (hh), while the median ventral 
element forms the basi- or glossohyal (g.h). 

The hyomandibu- 
lar itself is articulated 
ee the skull below 

1@ pterotic process (fig. 
308 I M). x Tts mai 
element ossifies as the 
hyomandibular(fig.335, 
hm), while its lower 
part (fig. 334, Sy), which 
18 firtoly connected with 
the mandibular arch, 
ossifies as the sym~- 
pleetic (fig. 835, sy). A 
connecting element be- 
tween the two parts of 
the hyoid bar forms an 
interhyal (7h). 

There are more im- Fa, 885, Youo Sabwon 

t differences in 
the development of the 
mandibular arch in 
Elasmobranchii and 
the Salmon than in 
that of the hyoid arch, 
in that, instead of the 
whole cae of ni 
u jaw being form: 
from the mandibular 
arch, a fresh element, 
yee 

lependently develo 
bar of cartilage, com- 

letes the upper arcade 
in front; but even with 
this bar the two halves 
of the upper branch of 
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Amphibia. The development of the autostylic piscine skulls 
has unfurtunately not yet been studied; and the most primitive 
autostylic types whose development we are acquainted with are those 
of the Amphibia; on which a amount of light has been shed 
by the researches of Huxley and Parker. 

‘The modifications of the hyoid arch are comparatively simple and 
uniform, It forms a rod of cartilage, which svon articulates in front 
with the quadrate clement of the mandibular arch, and is subse- 
quently attached by ligaments both to the quadrate and to the 
cranium. In those Amphibia in which external gills and gill clefts 
are lost, it fuses with the basal element of the hyoid (fig. 330), 
which, together with the basal portions of the following arches, 
forms a continuous cartilaginous plate. On the completion of these 
changes sherpa parts of the hyoid arch have the form of two 
elongated rods, known as the anterior cornua of the hyoid, which 
attach the basihyal plate to the cranium behind the auditory capsule, 

Tt is still uncertain whether there is any distinct element corresponding 
to the hyomandibular of fishes. 

Parker holds that the columella auris of the Ama is the homologue 
of the hyomandibalar, The columella develops comparatively late and 
independently of the remainder of the hyoid arch, but the similarity 
between ity relations to the nerves and those of the hyomandibular ix 
put forward by Parker ox an argument in favour of his view, The 
early ligamentous connection between the quadrate and the upper end of 
the primitive hyoid is however an argument in favour of regarding the 
upper end of the primitive hyoid as the hyomandibular element, uot. 
separated from the remainder of the arch, 


The history of the mandibular arch is more complicated than 
that of the hyoid. The part of it which corresponds with the upper 
jaw of Elasmobranchii exhibits most striking variations in develop- 
ment: 80 striking indeed as to suggest that the secondary modifica- 
tions it has undergone are sufficiently considerable to render great 
caution necessary in drawing morphological conclusions from the pro- 
cesses which are in some instances observable. A more satisfactory 
judgment on this point will be possible after the publication of a 
memoir with which Parker is now engaged on the skulls of the 
different Anura. 

The membrane bones oppiying themselves to the sides of the 
mandibular arch are relatively far more important than in the lower 
types. This is especially the case with the upper jaw where the 
maxillary and premaxillary bones functionally replace the primitive 
oeainns jaw; while membranous pterygoids and palatines apply 
See ves a id largely take the place of, the cartilaginous palatine 
ani i . 

tee ened worked out by Parker, viz. the Axolot! and the com- 
mon Frog, may be selected to illustrate the development of the 
mandibular arch. 

In the Axolotl, which may be taken as the type for the Urodela, 


= 
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Frog stands, so far as development is concerned, in striking contrast 
to the mandibular arch of the Axolotl, in spite of the obvious 
similarity in the arrangement of the adult parts in the two types. 

In the earliest it forms a simple bar in the membranous 
mandibular arch, to and very similar to the hyoid bar bebind 
(fig. 387, Mn). To the next stage observed, that is to say in Tadpoles 
of four, five, to six lines long, an astonishing transformation has 
taken uplbce. The mandibular arch (fig. 335) is turned directly 
forwards parallel to the trabecula, 
to which it is attached in front 
(ppg) and behind (pd). The 
proximal part of the arch thus 
forms a subocular bar, and the 
space between it and the trabe- 
eula a subocular fenestra. La 
front of the auterior attachment 
it is continued forwards for a 
short distance, and to the free 
end of this projecting part is 
articulated a small Meckelian 
Sake directed upwards (mk), 
The Meckelian cartilage is at 
this stage placed in front of the 
nasal sacks, in the lower lip of 
the snctorial mouth, The greater 








part of the arch, parallel with 
the trabeculw, is equivalent to 
what has been called in the Axo- 
lotl the quadrate, while its an- 
terior attachment to the trabe- 
cuke is the rudiment of the 
palato-pterygoid cartilage. The 
posterior attachment is known as 
the pedicle, 


‘The condition of the mandibular 


If the first alternative is a 


Fie, 838. Tanrone or Commox Toan, 
OXK-THIRD OF AX EXCI LONG; CHANIA AND 
‘MAXDINCLAM CANTILAGES SEEN FROM ANOTE 5 
‘THE PAUACHORDAL CANTILAGES AIK NOT XRT 
pexixtre, (From Parker.) 

ue, notochord; my, muscular segments; 
au. auditory capsule; py. region of pi- 


taitary body; ar 3 Gtr, Corn 
trabecale ; p.py. + pale 
pedicle; g. qundrate condyle ; mk, Meck- 
elian piece of r arch; sof. 
sul fenestra ; npper labial car- 
tilage. ‘The dotted circte within the qua- 


mandibular arch became first of all modified in connection with the 
xuetorial month, before it wax converted into the jaws of the Gnutho- 
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assumed its permanent position on the hinder border of the no longer 
suctorial mouth, and has grown forwards so as nearly to meet. its 
fle, in the median nee rere 

je metapterygoid region o! adrate gives rise to a posterior 
and dorsal process (fig. 339, ot.pr), ihe end of which is constricted off 
as the tympanic annulus (fig. 340, a.t); while the proximal part of 
the process remains as the 


otic (meta) oid) pro- 
cess, srtindlatiog with the 
auditory cartilage. 

The pedicle (pd) retains 
its orginal attachment to 
the fae i 

he palato- i 
soon becomes paren 
into a transversely 
palatine, and a longitudi- 
nall id (fig, 
340). With the exception 
of a few ossifications, which 
present no features of 
special interest, the parts 





of the mandibular arch 
have now reached their 
final condition, which is 
not very different from that 
in the Axolotl, i Weie 
uropsida. In tl 
Sauropsida the modifica- 
tions of the hyoid and 


mandibular es are 
fairly uniform. 
he lower of the 


hyoid arch, including the 
basihyoid, unites with the 


Fro, 840, Youxa Fxoo, xxam xxp ov rime 
SUMMER; UPPER VIEW OF SKULL, WITH LEFT MAN- 
DINLE REMOVED, AND THE IUOHT RXTENDED OUTWARD. 


d.o. basioecipital tract; so. supracceipital 
tract; fo. frontal fontanelle; ¢.n. external nostril ; 
internal to it, internasal plate; a.f. tympanic 
aunulas, 

Bones: ¢.0. exoceipital; pr.o. prootic, partly 
cote gg peels SAtccolety eth rane 
aphencthmoid ; a ae 
illary ;_ ma. 3 Pa. Pi , - 
sheathing the reduced cartilage ; q.J. ; 

ied a gee 
to. 


remnants of the arches behind to form the hyoid bone, to which it 
contributes the anterior cornu and anterior part of the body. 

The columella is believed by Huxley and Parker oat tarps 
as in the Anura, the independently developed dorsal (hyomandibular) 
element of the hyoid, together with the stapes with which it has 


become united’, 
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‘The incus is articulated with the quadrate end of the mandibular 


arch, and its rounded head 
comes in contact with the 
stapes (fig. 342, #t) which 
is segmented from the fe- 
nestra ovalis. 

‘The main arch of the 
hyoid becomes divided into 
a spayed (hh) below and 
astylohyal (sth) above, and 
also becomes articulated 
with the basal element of 
the arch behind (bh). 

Tn the course of further 
development the Meckel- 
ian part of the mandibular 
arch becomes enveloped in 
a superficial ossification 
forming the dentary, Its 
upper end, adjoining the 
quadrate region, es 
calcifiedand then absorbed, 
and its lower, with the ex- 
ception of the extreme 
point, is ossified and sub- 
sequently incorporated in 
the dentary. 


The quadrate region remains auleiively stationary 
compared with the adjacent parts of the skull, and fin 


form the malleus bone of 
malleus is the primitive 
continuation into Meckel’s 
cartilage. 

The malleus and incus 
are at first embedded in 
the eoameatiea tissue ad- 
joiningthe tympanic cavity 
(byomandibular cleft, ide 
p. 435) ; and externally to 
them a bone known as the 
tympanic bone becomes de- 





Fro. 341, Exnato Pre, rwo-rmmps oF Ax INCH 
} ELEMENTS OF THE SKULL SKEN SOMRWHAT 
PIOMASDIATICALLE POM BRtanW, (From Parker.) 
pach, parachordal cartilage; ne. notochord ; 


* mandi 
rohy thehs frat branchial wrch, 7a, 


hy. byoid arch ul 

gam, nerve; 8a. glossopharyngeal ; 80. vagus; 
in th as 
ally ossifies to 


ear, The processus gracilis of the 


al pr. 
=| es ye 
=< 


Fro, 342, Eamexvo Pio, av txen AND A TAERD 






veloped so that they be- Tax 


trans) 
within the tympanic eay~ 
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size, and arran; nt in different ti of Fishes; but owing to 
their linear dispos Paitin it is usuall sible to find Apes 
ber both of the paired and unpaired bones which have a similar 
situation in the different forms. These usually receive the same 
Lstit me both from pir ity eens as to their origin, as 
well as from a comparison of different species, it appears to me 
Lyd that there is no real homology between these bones in 
ifferent species, but only a kind of general correspondence’, 

It is not in fact till we get to the types above the Fishes that we 
can find a series of homologous dorsal membrane bones covering the 
roof of the skull. In these types three paired sets of suc!: bones are 
usually present, viz, from behind forwards the parictals, frontals 
and nasals, the latter bounding the posterior surface of the external 
nasal opening. Even in the higher types these bones are liable to 
vary very greatly from the usual peat ame 

Besides these hones there is usually present in the higher forms 
a lacrymal bone on the anterior margin of the orbit derived from 
one of a series of periorbital membrane bones frequently found in 
Fishes, Various sw and torbital bones, etc, are also 
frequently found in ‘lia, ete, which are not impossibly Beg 
genetically independent of the membrane bones inherited from Fishes ; 
and may have been evolved as bony scutes in the subdermal tissue 
of the papilla of the sauropsidan scales. 

The visceral arches of Fishes, especially of the Teleostei, are 
usually provided with a series of membrane bones, In the true 
branchial arches these take the form of dentigerous plates; but no 
such plates are found in the Amphibia or Amniota, 

e opercular Hap attached to the hyoid arch is usualy suy 

by a series of membrane bones, which attain their highest develop- 
ment in the Teleostei. One of these bones, the prwopercular, is 
very constant and is primitively attached along the outer edge of the 
hyomandibular, It seems to be retained in Amphibia as a mem- 
brane bone, overlapping the attachment of the quadrate and known 
as the squamosal; though it is not impossible that this bone may 
be derived from a suj cial membrane bone, widely distributed in 
‘Teleostei and Ganoids, which is known as the supra-temporal. In 
Dipnoi the bone which appears to be clearly hi with the 
squamosal would seem from its position to takes to the series of 
dorsal plates, and therefore to be the supra-temporal ; but it is re- 
garded by Huxley (No. 446) as the lar®. 

In the Amniota the sine forms an integral part of the 
osseous roof of the skull; but in the Sauropsida it continues, as in 
Amphibia, to be closely related to the quadrate, 

i F 

thea hy ey Le es nee in Fishes, vide 

* It is not impossible that solution of the dit about the in 
to be found by supposing that the lar an it exists 1, Telocetel oa, derived 
from a dorsal dermal plate, and that in the Dipnoi this plate retains more nearly than 
in Teleostei its primitive position, 
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Tt is less important in the Sauropsida, and becomes indistinguish- 
ably fused with the sphenoid in the adult, while in Maninalin iv is 


no longer found. 

i nous Cranium. In certain Fishes 
the cartilaginous cranium remains quite unossified, while completely 
enveloped in dermal bones. Such for instance is its condition in 
the Selachioid Ganoids, In most instances, however, the investment 
of the cartilaginous cranium by membrane bones is accompanied by 
a more or less complete ossification of the cartilage itself. 

Tn the Dipnoi this occurs to the smallest extent, the only ossifica- 
tions occurring in the lateral parts of the occipital region, and forming 
the exoccipitals. 

In Teleostei and bony Ganoids, a considerably greater number of 
ossifications occur in the cartilage. 

Tn the region of the occipital cartilaginous ring there appears a 
basioccipital and supraoccipital and two exoccipitals. The 
basioccipital is the only bone on the floor of the skull ossifying that 
part into which the notochord is primitively continued’. 

In the region of the periotic cartilage a lange number of bones 
may appear. In front there is the prootic, which often meets the 
exoccipital behind; behind there is above and in close connection 
with the supracccipital the epiotic, and below in close connection 
with the exoccipital the opisthotic. On the dorsal side of the 
cartilage there is a projecting ridge com, mainly of a bone known 
as the pterotic, sometimes erroncously called the squamosal, and 
continued in front by the sphenotic. The pterotic, or the cartilagi- 
nous region corresponding to it, always supplies the articular surface 
for the hyomandibular, 

In the floor of the skull, in the region of the pituitary body, there 
is formed a basisphenoid; while in the lateral parts of the wall of 
this part of the cranium, there is a bone known as the alisphenoid, 

In front, parts of the lateral walls of the cranium ossify as the 
orbitosphenoids, 

In view of the very imperfect ossification of the cartilaginous 
cranium of the Dipnoi, and of the fact that there is certainly no direct 
genetic connection between the Teleostei on the one hand, and the 
Amphibia and Amniota on the other, it is very difficult to believe 
that, most of the ossifications of the cranium in the Amphibia and 
Aumniota have more than a general correspondence with those in the 
Teleostei. 

In the Amphibia the ossifications in the cartilage are comparativel 
few. Iu the occipital region there is a lateral ossification on eac! 
side of the exoccipital, the basioccipital region being wnossified, and 
the supraoceipital at the utmost indurated by a calcareous deposit, 

The periotic capsule is ossified by a protic centre, which meets 
the exoccipital behind. 


' The notochord appears also to enter Into the posterior part of the region which 


costitios ax the banisphenoid, 
1 
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form, in the higher types, They are more developed in the Cyclostomata 
than in any oor Vertrate tp 

The raningot these cartilages is very obscure ; bants from their being in 
part employed SUnEORE the lips Pere horny teeth of the Cyclostomata and 
The Tada T shou be inclined to regard them as remnants of a primni- 
tive skeleton su; ing the suctorial mouth, with which, on the grounds 
already stated (p. 263), I believe the ancestors of the present Vertebrata 
to have been provided. 
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Pian or infra-clavicle (inter-clavicle), which meets its fellow 
LOW, 

In most. Fishes the primitive dermal seutes have become sub- 
dermal membrane bones, and the infra-clavicle is usually not distinct, 
but the two clavicles form the tmost important part of the mem- 
branous elements of the girdle. Additional mem| bones (post- 
clavicles) are often present behind the main row. 

sae development of these parts in Fishes has been but little 
studied, 

In Scyllium, amongst the Elasmobranchii, I find that each half of 
the pectoral girdle develops as a vertical bar of cartilage at the front 
border of the rudimentary fin, and externally to the muscle-plates, 

Before the tissue forming the pectoral girdle has acquired the cha~ 
racter of true cartilage, the bars of the two sides meet ventrally by a 
differentiation in situ of the mesoblastic cells, so that, when the girdle 
is converted into cartilage, it forms an undivided are, girthing the 
ventral side of the body. There is developed in continuity with the 
posterior border of this are on the level of the fin a horizontal bar 
of cartilage, which is continued backwards along the insertion of the 
fin, and, as will be shewn in the sequel, becomes the metapterygium 
of the adult (figs. 344, bp and 348, mp). With this bar the remain- 
ing skeletal elements of the fin are also continuous. 

The foramina of the pectoral girdle are not in the first instance 
formed by absorption, but by the non-development of the cartilage 
in the region of pre-existing nerves and oe 

The development of these parts in Teleostei has been recently invy ted 
hy ’Swirski (No. 472) who finds in the Pike (sox) that the cartilaginous 
pectoral girdle is at first continuous with the skeleton of the fin. Tt forms 
a rod with a dorsal scapular aud ventral coracoid process. An inde it 
mass of cartilage gives rise to a pracoracoid, which unites with the main 
mass, forming a triradiate bar like that of Acipenser or the Siluroids, The 
coracoid process hecomes in the course of development gradually reduced. 

’Swirski concludes that the so-called pracoracoid bar is to some extent 
a sevondary element, and that the coracoid bar corresponds to the whale uf 
the ventral part of the girdle of Elasmobranchii, but his investigations do 
not appear to me to be as complete as ix desirable. 

Amphibia and Amniota, The pectoral girdle contains a more or 
less constant series of elements throughout the Amphibia and Am- 
niota; and the differences in structure between the shoulder girdle 
of these groups and that of Fishes are so great that it is only possible 
to make certain general statements respecting the homologies of the 
parts in the two sets of types. 

The generally accepted view, founded on the researches of Parker, 
Huxley, and Gegenbaur, is to the effect that there is a primitively 
cartilaginous coraco-scapular plate, homologous with that in Fishes, 
and tt the membrane bones in Fishes are re nted by the 
clavicle and inter-clavicle in the Sauropsida and Mammalia, whieh 
are however usnally admitted to be absent in Amphibia, These 
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In treating the development of the pectoral girdle systematically it 
will be convenient to begin with the Amniota, which may be considered 
to fix the nomenclature of the elements of the shoulder girdle. 

ilia. The shoulder girdle is formed us two membranous plates, 
from the dorsal part of the anterior border of each of which a bar projects 
(Rathke, Gitte), which is free at its ventral end, This bar, which is usually 
(Gegenbaur, Parker) held to be independent of the remaining part of the 
shoulder girdle, gives rise to the clavicle and interclavicle, The seapulo- 
coracoid plate soon becomes cartilaginous, while at the same time the 
claviculur bar ossifies directly from the membranous state. The ventral 
ends of the two clavicular bars enlarge to form two longitudinally placed 
plates, which unite together and ossify ux the intercluvicle. 

Parker gives a very different account of the interclavicle in Anguis, 
He states that it is formed of two pairs of bones ‘strapped on to the 
antero-inferior part of the presternum,’ which subsequently’ unite into 
one, 

Chelonia. ‘The shoulder girdle of the Chelonia is formed (Rathke) uf 
a triradiate carti on each side, with one dorsal and two ventral limbs, 
It is admitted on all hands that the dorsal limb is the scapular element, 
and the pos*erior ventral limb the coracoid ; but, while the anterior ventral 
limb is usually held to be the preeoracoid, Gitte and Hoffwiann maintain 
that, in spite of its being formed of cartilage, it is homologous with the 
anterior bar of the primitive shoulder-plates of Lacertilia, and therefore 
the homologue of the clavicle. 

Parker and Huxley (doubtfully) hold that the three anterior elements 
of the ventral plastron (entoplastron and epiplastna) are homologous with the 
interclavicle and clavicles, but considering ‘hat these plates appear to belong 
to a secondary system of dermal oxsifications peculiar to the Chelonia, this 
homology does not appear to me probable. 

Aves. There are very great differences of view as to the development 
of the pectoral arch of Aves. 

About the presence in typical forms of the coraco-scapular plate and two: 
independent elavicular bars all authors are b ies With reference to the 
clavicle and interelavicle Parker (No. 468) finds that the scapular end of 
the clavicle attaches itself to and ossifies a mass of cartil which he 
regards as the mesoscapula, while the interclavicle is of a mass of 
tissue between the ends of the eclavicles where they meet ventrally, which 
becomes the dilated plate at their junction, 

nbaur holds that the two primitive clavicular bars are simply 
clavicles, without any clement of the scapula; and states that the clavicles 
are not entirely ossified from membrane, but that a delicate band of earti- 
luge precedes the osseous bars. He finds no interclaviclo, 

‘tte and Ruthke both state that the clavicle is at first continuous with 
the coraco-scapular plate, but becomes early separated, and oxsifies entirely 
asa membrane bone, Gitte farther states that the interclavicles are formed 
as outgrowths of the median ends of the clavicles, which extend themselves 
at an early period of development along the inner edges of the two halves 
of the sternum. They soon separate from the clavicles, which subsequently 
meet to form the furculum ; while the interelavicular rudiments give rise, 
on the junction of the two halves of the sternum, fo its heel, and to the 
ligament connecting the furcalum with the sternum, The observations of 


ae 
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(Gegenbaur, Parker) regarded as the precoracoid, but Gitte has shee 
out that in its mode of development it strongly resembles the clavicle of 
the higher forms, and behaves quite differently to the so-called precorncoid 
of Lizards, Hipigethtplbthehwprt alpen sea agit 
the fact that it is never fas dpi Popraaes op sep ence 

condition which has its only pal in the equally doubtful case ee the 
Chelonia. Parker holds that there ia no clavicle present in the Fee a 
while Gegenbaur maintains that an ossification which many of 
the Anura (chong not in the Urodela) in the ain ari on the 
anterior the cartilaginous bar above mentioned is the ee 
sentative of the Savion Gee Gitte's observations on the ossification of 


Gegen! 
coracoid, highly improbable. 

No interclavicle is present in Urodela, but in this group and in a 
number of the Anura, 4 process grows out from the end of each of the 
bars (precorncoids) which Gitte holds to be the clavicles, The two pro- 
cesses unite in the median line, and give rise in front to the anterior 
unpaired element of the shoulder girdle (omosternum of Parker). They 
seaguce! overlap the epicoracoids behind, and fusing with them bind 

ars toga the median line. Parker who has described the paired 
the so-called omosternum, holds that it is not homologous with 
a interelavicle, but compares it with his omosternum in Mammals, 
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(463) Bruch, * es die Entwicklung der Clavicula-und die Farbe des Blutes.” 
Heit. cf Zool., 0 
2 die 





whan. 
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(463) ©. Gegenbaur. Untersuchungen sur vergleichenden Anatomie der Wirbel- 
tere. See reve e der Wirbelthiere. ree =f der Fische. = 

# te. '<Boitrige 2. vergleich. Morphol. d. Skeletaystoms firbel 
thiere: Brustbien u, Schultergiirtel. Archiv f. mikr, Anat, Vol. xv. 1877. 

(467) C.K, Hoffmann.  Beitriige 2. vergleichendon Anatomie d, Wirbelthiere,”” 
wile ches Archiv f. Zool., Vol. ¥. 1879, 

(468) W.K. Parker, “A Mon ‘on the Structure and Development of the 
Shouldor-girdle and Sternam in the Vertebrata.” Ray Soctety, 1868. 

(469) H.Rathke. Ueber die Entwicklung der Se ‘Braunschweig, 1848, 
seehi??) H, Rathke. Ueber den Bau und die Entwicklung des Brustheina der Saurier, 

(471) A. Sabatior, Comparaison des eeintures et dea membres antérteur et pee 
tériewre d. la Série d. Vertébrés, Montpelliar, 1890. 

(472) Georg 'Swiraki. | Untersuch. il. d. Bateish. d, Schultergiirtels u. de 
Skelets d. Brustflowse d. Hechts. Inang, Diss. Dorpat, 1860, 


Pelvic girdle, 

Pisces. The pelvic girdle of Fishes is formed of a cartilaginous 
band, to the outer and posterior side of which the basal clement of 
the pelvic fin is ly articulated. This articulation divides it 
into a dorsal iliac, and ventral pubic section, The iliac section never 
articulates with the vertebral column, 

In Elasmobranchii the two girdles unite ventrally, but the iliac 
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a single ossification in its posterior part nat w biel Saray the telat has 
the satetioy part eae ey aga nel a8 representing : tn ha 
usually remains: aginous ; ax! fo. 475) states that 
a poly centre of ossification in Sala peels ee ero 
appear to be always present (Bunge). ‘There is a small Montene 
between the ischium and pubis, which gives passage to the obturator nerve, 
It is formed by the part of the tissue where the nerve is placed not be- 
coming converted into cartilage. 

There ix a peculiar cartilage in the ventral median line in front of the 
pubis, which is develo “ism a in th much sip eee true 
parts of the pelvic girdle, It may prepa’ 

_ Lacertilia. 


tion a) in each of the three processes of the itive meugees 
Ta jirds the parts of the pelvic girdle no cate asa continu. 
ous cartilage (Bunge). Either La pubis may be distinet, or, ax in the Duck, 
IF exhibite n short anterior process, but 
the pubis and ischinm are at first placed with their long axes at right 
angles to that of the ilium, but gradually become rotated so as to lie paral- 
Jel with it, their distal ends pointing backwards, and not uniting ventrally 
excepting in one or two Struthious forms, 
Mammalia, In Mammalia the pelvic ginlle is formed in cartilage 
as in the lower forms, but in Man at any rate the pubic part of the carti- 
lage is formed independently of the remainder (Rosenberg), There are 
the usual three centres of ossification, which unite eventually into a single 
bone—the innominate bone. The pubis and ischinm of each side unite with 
each other ventrally, so a8 completely to enclose the obturator foramen. 
Mi sais whickea than f Gegenbaur ( Sie toned i a 
farsupiala, w! as shewn by c Rata in carti- 
lage, are homologous with the bis eke but considering 
the great gap hetween the Urodola and Namralie this Ranching can only 
be regarded as tentative. He further holds that the anterior prolon; 
of the cartilaginous ventral ends of the pubis of Crocodilia are also struc- 
tures of the same nature. 
Bisiiocrarny, 
eh A Bunge. Foersiie 2, Entwick. d. Beckengiirtels d. Amphibien, Reptilien 
me 
74) a Ueber i Anwwabtans dea Bebatabeins’ soata. Panne 
asta falirbuch, Vol. 1. 1876. 
¥ ie “ The characters of the Pelvis in Mammalia, ete." Proc. 
oy, a 
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which is a fold of epiblast only, which soon reaches considerable 
dimensions, At a later stage the mesoblast penetrates into this fold 
and the fin becomes a simple ri 

of mesoblast, covered by epiblast. 
The pectbeel fins are usually con- 
siderably ahead of the pelvic fins in 
development, 

For the remaining history it is 
necessary to confine ourselves to 
Scyllium as the only type which has 
been adequately studied. 

‘The direction of the original ridge 
which connects the two fins of each 
side is nearly though not quite longi- 
tudinal, sloping somewhat obliquely 
downwards, It thus comes about, 
that the attachment of each pair of 
limbs is somewhat on a slant, and iin. 'Bn: heceae ax 
that the pelvic pair nearly meet each yewrnat rant or ‘TIE TRUNK OF A 
other in the median ventral line a rouss munyo or Soxuutum av THE 
little way behind the anus. SEY ERs Ue OL anaes 

The elongated ridge, forming the Ph gh nsec tegen tees 
rudiment of sacks fin, pepe tery; . jsiteling vein; al. drole 
jects more and more, and so becomes num i. liver; sd. opening of seg. 
broader in proportion to its length, ™memed duct into the body cavity; 
but at the ae time its actus at- Se a 
tachment to the side of the body 
becomes shortened from behind forwards, so that what was originally 
the attached border becomes in part converted into the posterior . 
This process is much more completely carried out in the case of the 
pectoral fins thati in that of the pelvic, and the changes of form 
undergone by the pectoral fin in its development may be gathered 
from figs, 844 and 348, 

Before proceeding to the development of the skeleton of the fin 
it may be pointed out that the connection of the two rudimentary 
fins by a continuous epithelial line suggests the hypothesis that they 
are the remnants of two continuous lateral fins’, 

Shortly after the view that the ite fins were remnants of con- 
tinuous lateral fins had been put forward in my memoir on Elasmo- 
branch Fishes, two very eee eee were published by Thacker 
(No, 489) and Mivart (No. 484) advocating this view on the entirely 
independent grounds of the adult structure of the skeleton of the 
paired fins in comparison with that of the unpaired fins*, 


a and hoy 5 
ote gor poe a bint Pea NOLS.) End earns, 





contribution to our 
knowledge of tho structure of the pelvic fins has attempted from his observations to 
deduce certain arguments against the lateral fin theory of the limba. His main 
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pletely supports the view which has been arrived at from the con- 
sideration of the soft parts of the fin. 

My observations shew that the embryonic skeleton of the paired 
fin consists of a series of el 
rays similar to those of the un- 
paired fins. These rays support 
the soft part of the fin which has 
the form of a longitudinal ridge, 
and are continuous at their base 
with a longitudinal bar, which may 
very probably be due to secondary 
development, As pointed out by 
Mivart, a longitudinal bar is also 7 
occasionally formed to support the ve 
cartilaginous rays of unpaired fins, Fro, 345. Privic rex or 4 vewy YOUNG 
The longitudinal bar o a ated oor bbliebbieeae 

ins is believed by both Thacker \ kartresyinons | Pe Preivis 
and Mivart to aes to the coa- brady ba) Gab 2) 
lescence of the bases of primitively 
independent rays, of which they believe the fin to have been originally 
composed, This view is ble enough in itself, but there is no 
trace in the embryo of the bar in at being formed by the 
coalescence of rays, though the fact of its being perfectly continuous 
with the bases of the rays is somewhat in favour of this view', 

A point may be noticed bere which may haps appear to be a 
dificulty, viz, that to a considerable extent. rf The paar arid to some 
extent in the pelvic fin the embryonic sarulage from which the fin-rays 
are developed is at first a continuous lamina, which subsequently segments 
into rays. I am however inclined to regard this merely as a result of the 
mode of conversion of the indifferent mesoblast into cartilage ; and in any 
case no conclusion adverse to the above view can be drawn from it, since 
I find that the rays of the unpaired fin are similarly segmented from a 
continuous lamina, In all cases the segmentation of the rays is to a large 
extent com before the tissue in question is sufficiently differentiated 
to be called cartilage by an histologist. 

Thacker and Mivart both hold that the pectoral and pelvic girdles 
have been evolved by ventral and dorsal growths of the anterior end 
of the longitudinal bar supporting the fin-rays. 

There is, so far as 1 see, no theoretical objection to be taken to 
this view, and the fact of the pectoral and pelvic girdles originating 
continuously, and long remaining united with the longitudinal bars 
their respective fins is in favour of rather than against this view, 





founds his view on the adult form of the 
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The changes which take place in the course of the further develop- 





Fro. 347. Petre rm or 4 Yours stank mano or Scruutvat sTeLLane, 
dp. basipterygium ; m.o. procesa of basipterygium continued into clasper; él. iline 
process of pectoral girdle; pu. pubis, 


ment are however very much more considerable in the case of the 
pectoral than in that of the pelvic fin, 

By the process spoken of 
above, by which the attach- 
ment of the pectoral fin to 
the body wall mes short= 
fos Bor behind i eee 
the basipterygi: is 
dually ro stacy 
anterior end remaining at- 
tached to the pectoral girdle. 
Tn this way this bar comes to 
form the posterior border of 
the skeleton of the fin (figs. 
348 and 349mp), constituting 
what Gegenbaur called the 
metaptorygium, even- 





e8 aa off 
from the toral girdle, 
emp ae me tionlation with its 
The aoe of 
which is continued po B19, Prcronan vis or AN xatnavo of Scre- 
from the basi or LUM STELtARR. 


phate al etna ete 
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this view of Gegenbaur’s it appears to me that the theory held 
anatomist to the effect that the limbs are modified gill arches 

that his method of deriving 
the limbs from gill arches 
ceases to be admissible, while 
it is not easy to see how m 
limb, formed on the vd of 
the embryonic limb of Blas. 
mobranchs, could be derived 
from a visceral arch with its 
branchial reys’, 

Gegentaur's older view 
that the Elasmobranch fin 
retains a primitive uniserial 
type appears to me to be 
nearer the trath than his 
more recent nee oH ae 
subject ; thongh I hol wat 
the fundamental plot ata: 2M, 2, Siauaoy op rue racrna map 
ved the oie OY SCVLCUM STELLARE, 
of tl parts in lium is motapterygium ; me.p. mosopterygium ; 
that the posterior border of a oar cr, ptt process. “ 
the adult Elasmobranch fin 
is the primitive base line, i,¢, the line of attachment of the fin to the side 
of the body. 

Huxley holds that the mesopterygium is the proximal piece of the axial 
skeleton of the limb of Ceratodus, and derives the Elasmobranch fin from 
that of Ceratodus by the shortening of its axis and the coalescence of some 
of its elements, The secondary character of the m rium, and its 
total absence in the embryo Scyllium, appears to me as jusive 
Haxley’s view, a8 the character of the embryonic fin is against that of 
Gegenbaur ; and I should be much more inclined to hold that the fin of 
Ceratodus has been derived from a fin like that of the Elasmobranchii by 
4 series of stops similar to those which Huxley supposes to have led to the 
establishment of the Elasmobranch fin, but in exactly the reverse order, 

With reference to the development of the pectoral fin in the Teleastei 
there are rome observations of 'Swirski (No, 488) which unfortunately do 
not throw very much light upon the nature of the limb, 

"Swirski finds that in the Pike the skeleton of the limb is formed of a 
plate of cartilage, continuous with the pectoral girdle; which soon becomes: 
divided into a proximal and « distal portion. ¢ former is subsequently 
segmented into five basal rays, and the latter into twelve parts, the number 
of which subsequently becomes reduced. 





in some Elasmobranch pectoral fins as rudiments of a second set of rays on the 
side of the metapterygium, these rays will hava to be regarded ns structures 
in the uct of being evolved, anid not as persisting traces of a fin. 
1 Some arguments in favour of Gegenbaur’s adduced by Wiedersheim as 

iis researches on Prot 


uygent 
kills demonstrate that this attachment is secondary. 
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‘These investigations might be regaled as to show that the 
rece i neu see ee 
the fin rays not having united into a continuous basal bar, but 
vations are not sufficiently complete to admit of this 

founded upon them with any certainty, 


i 


directed backwards and being parallel to the 

geal Vee the ulnar and fibular sides are primitively 
dorsal, and the radial and tibial ventral: in Mammalia tones 
Killiker states that the radial and tibial edges are from the fi 
antérior. 

The exact changes of position und by the limbs in the 
course of devel See are bot full wi eat To suit a te 
Sn aod mare opposite, Gl Mamaia the soceepeadicg al 
more more ‘ite, till in ia | 
of the two limbs are turned in completely opposite directions. 

Within the mesoblast of the limbs a continuous blastema becomes: 
formed, which constitutes the first trace of the skeleton of the . 

correspondit elements of the two limbs, viz. the humerus an 
femur, radius and tibia, ulna and fibula, carpal and tarsal bones, 
thi: th sao ot dain a a hich 
is, © conversion. inite regions into il wi 
either be completely distinct or be Porras sad theo canteges 
nous elements subsequently ossify. 
‘The 


Both limbs have fairs precisely siallac posite a ae 


? 


mology of 
t the Vertebrata ; but this 
._ The early devel i 
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tions must be regarded as somewhat provisional, the actual interpretation 
of various ontological processes being very uncertain. 

‘The forms investigated are Triton and Salamandra, We may remind 
the reader that the hand of the Urodela has four digits, and the foot five, 
the fifth digit being absent in the hand’, In Triton the proximal row of 
carpal bones consists (using Gegenbaur’s nomenclature) of (1) a radiale, and 
(2 and 3) an intermedium and ulnare, partially united, The distal row is 
formed of four carpals, of which the often does not support the first 

1; while the second articulates with both the first and second 
metacarpals, In the foot the proximal row of tarsals consists of a tibiale, 
an intermedium and a fibulare, The distal row is formed of four tarsala, the 
first, like that in the hand, often not articulating with the first metatarsal, 
the second supporting the first and second metatarsals ; and the fourth the 
fourth and fifth metatarsals, 

The mode of development of the hand and foot is almost the same, The 
most remarkuble feature of development is the order of succession of the 
digits, The two anterior (radial or tibial) are formed in the first instance, 
and then the third, fourth and fifth in succession, 

As to the actual devel it of the skeleton Strasser, whose observa- 
tions were made by means of sections, has arrived at the following resulta. 

The hamerus with the radius and ulna, and the corresponding parts in 
the hind limb, are the first parts to be differentiated in the continuous 
of tissue from which the skeleton of the limb is formed, Somewhat later 
‘a cartilaginous centre appears at the base of the first and second fingers 
(which have already appeared a8 prominences at the end of the limb) in the 
situation of the permanent second carpal of the distal row of 3 and 
the process of chondrification spreads from this centre into the fingers and 
into the remainder of the us. In this way a continuous carpal plate 
of cartilage is established, which is on the one hand continuous with the 
cay of the two metacarpals, and on the other with the radius and 
wna. 

In the cartilage of the carpus two special columns may be noticed, the 
one on the radial side, most advanced in development, being continuous 
with the radius; the other less developed column on the side of the ulna 
being continuous both with the ulna and with the midius The ulue 
and radius are not united with the humerus. 

In the further growth the third and fourth digits, and in the foot the 
fifth digit also, gradually sprout out in succession from the ulnar side of the 
continuous carpal plate. The carpal plate itself becomes segmented from 
the radius and ulna, and divided up into the carpal bones, 

‘Tho original radial column is divided into three elements, a proximal 
the radiale, a middle element the first carpal, and a distal the second carpal 
already spoken of, The first is thus situated between the basal 

il of the second digit and the radiale, and would therefore 
uppear to be the representative of a primitive middle row of 
carpal bones, of which the centrale is also another represen: 
tative, 

‘The centrale and intermedium are the middle and proximal products of 
the segmentation of the ulnar column of the primitive carpus, the distal 
svcond carpal being common both to this colurnu and to the radial column, 


+ This seems to me clearly to follow from Gitte and Strasser’s observations, 
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This view of the cheiropterygium corresponds in some respects with that 
put forward by Gitte as a result of his investigutions on the Kel oe 
of the Urodele limbs, though in other Ea it is very different. A ditffi- 
culty of this view is the fact that it involves our supposing that the radial 
edge of the limb corresponds with the metapterygial edge of the piscine 
fin. The difficulties of this position have been clearly pointed out 
Huxley, but the fact that in the primitive position of the Urodele limbs 
the radins is ventral and the ulna dorsal shews that this difficulty is not 
insuperable, in that it is easy to conceive the radial border of the fin to 
have become rotated from its primitive Elismobranch position into the 
vertical position it occupies in the embryos of the Urodela, and then to 
have been further rotated from this position into that which it occupies 
in the adult Urodela and in all higher forms. 


Brsttocrarny of the Limbs, 
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as the dorsal mesentery, while ventrally they arc in most instances 





Fie, 350, Loxarrepixan skcriox THROUOM AN ‘otsKYO O® AOEINA LanyRoNTHGs, 


‘The section is taken slightly to one side of the middle Line xo as to shew the relax 
tion of the mesoblastic somites to the limbs. In the interior are seen the yolk 
segments and their nuclei. 


1—16. the xegments; pr.l. procephulic lobo; do, dorsal integuinent, 


absorbed. The transverse wal's, separating the successive compart- 
ments of the body cavity, generally become more or lees perforated. 

Chordata. In the Chordata the primitive body cavity is either 
directly formed from a pair of alimentary diverticula (Cephalochorda) 
(fig. 8) or as a pair of spaces in the mesoblustic plates of the two 
sides of the body (fiy. 20). 

As already explained (pp. 244—249) the walls of the dorsal scc- 
tions of the priuutive body cavity soon become separated from those 
of the anteal, and becoming segmented constitute the muscle plates, 
while the cavity within them becomes obliterated: they are dealt 
with in a separate chapter. The ventral part of the primitive cavity 
alone constitutes the permanent body cavity. 

The primitive body cavity in the lower Vertebrata is at first con- 
tinued forwards into the region of the head. but on the formation of 
the visceral clefts the cephalic section of the body cavity becomes 
divided into a series of separate compartments. Subsequently these 
sections of the body cavity become obliterated; and, since their walls 
give rise to muscles, they may probably be looked upon as equivalent 
to the dorsal sections of the body cavity in the trank, and will be 
treated of in connection with the muscular system, 

As a result of its mode of origin the body cavity in the trank is 
at first divided into two lateral halves; and part of the mesoblast 
lining it soon becomes distinguished as a special layer of epithelium, 
known as the peritoneal epithelium, of which the part bounding 
the outer wall forms the somatic layer, and that bounding the inner 


BB, Me as 





ou ABDOMINAL PORES. 


wall the 


splanchnic Between 
placed the gut. On the vociral de a the TREE othe peranent 


tween them becoming 


gut, the two halves of the ae cavity soon coalesce, the 


lium of the two tine uniting 
somatic layers at the median ventral line of the body 


and the splanchnic Jay pec 
Gh lbp Nenbaledia op Unige and the 
(fig: 351). 


Jn the lower Vertebrata the body cavity is originally present 
in the post-anal ees ae of the trunk, epee usually sree fost = fre- 
wo hal 


quently before the 


On he dra so oe gt th, olen he Bly cnt 


never coalesce, but eventually 


splanchnic layers of te 


the two sides, (oooh with a thin i pera intel 


a delicate mem! 


known as the 


tery, wl which aupadl 
gut from the dorsal wall of the body (fig. 119 and 351). On the doveal 


side the epithelium lining of the body cavity is usu: 





Fic. 851, 


Sxcrion timoeom 
FN, TRENK OF 4 SCYLIGUM EMBRYO 
SCEOMTLY YOUNORR THAN 28 ¥, 


vertebral body ; it segmental 
tobe; ad. segmental duct; «p.v. 
valve; ©.subi 


' Por a full account of these strectures 


“Pork Ablowsinates of Vertebrata.” Journal of Amat. and Phyetol,Vol, xiv 


~ been but very slightly investigated. In 
} ing from the body cavity into the 


more columnar 
elsewhere (1 Reeth and its cells 
the generative 


primitive This part of 
the epithelium is often known as the 
germinal epithelium. 

Over the greater part of the 
cavity the lining epithelium becomes i 
the adult intimately united with a 
of the subjacent connective in eee 
constitutes with it a special li 
brane for the body cavity, known asthe 
peritoneal membrane. 


Abdominal pores. In the 
mata, the majority of the 
the Ganoidei, « few Teleostei, the 
and some Sauropsida (Chelonia and 
dilia) the body cavity is in comm) 
with the exterior by a pair of phir) 
as abdominal pores, the external 
ings of which ure usually situated in ] 
cloaca’, | 

The ontogeny of these pores: at 





Lamprey they are formed as 


section of the primitive cloaca, This 

would ay from Scott's (No. pets observa 
tions to be derived from 

Ulastic cloacal section Fei ‘alte 

tract, a 
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Tn all other cases they are formed in a region which appears to beloag 
to the epiblustic region of the cloaca; and from my observations on Elas- 
mobrancha it may be certainly concluded that they ure formed thera 
in this group. They may appear as perforations (1) at the apices of 
papilliform prolongations of the body cavity, or (2) at the ends of cloacal 
pits directed from the exterior towards the body cavity, or (3) as simple 
slitlike openings. 

Considering the difference in development between the abdominal pores 
of most types, and those of the Cyclostomata, it is open to doubt whether 
these two types of pores are strictly homologous, 

Tu the Cyclostomata they serve for the passage outwards of the genera~ 
tive products, and they also have this function in some of the few Teleostei 
in which they are found ; and Gegenbaur and Bridge hold that the primi- 
tive mode of exit of the generative products, prior to the de’ ment 
of the Miillerian ducts, was probably by means of these pores, have 
elsewhere suggested that the abdominal pores 
ure perhaps remnants of the opeuings of 
segmental tubes; there does not however 
appear to be any definite evidence in favour 
of this view, and it is more probable that 
they may have arisen as simple perforations 
of the body wall, 


Pericardial cavity, pleural cavities, 
and diay In all Vertebrata the 
heart is at first placed in the body cavity 
(fig. 353 A), but the part of the body cavity 
containing it afterwards becomes sepa- 
rated as a distinct cavity known as the 
pericardial cavity. In Elasmobranchii, 
Acipenser, etc. a passage is however left 
between the pericardial cavity and the 
body cavity; and in the Lamprey a sepa- 


ration between the two cavities does not 
occur during the Ammocuste stage. 

In Elasmobranehii the pericardial 
cavity becomes established as a distinct 
space in front of the body cavity in the 
following way. When the two ductus 
Cuvieri, leading transversely from. the 
sinus venosus to the cardinal veins, be- 
come developed, a horizontal septum, 
shewn on the right side in fig, 352, is 
formed to support them, stretching across 
from the phecknid to the somatic side 
of the body cavity, and dividing the body 
cavity (fig. 352) in this part into (1) a 
dorsal section formed of a right and left 
division constituting the true body cavity 





Fro, 332. Sxcrios THrover 
THE TRUNK oF 4 ScYLLIUM ExNRYO 
SLIGHTLY YOUNGER THAN 283 Fy, 

The figure shews the separas 
tion of the body cavity from the 
pericardial cavity by a horizontal 
=] in which rans the ductus 
Cuvieri; on the left side is xeon 
the narrow passage which remains 
connecting the two cavities. 

ape, epinal canal; W, white 
matter of spinal cord; pr. com» 


Sin Ab lett te oisearity) 
in; ht. heart; pp. body cavity; 
pe. pericardial ‘atity: 4, 80) 
brite A liver | mp. muscle~ 
pl M 


33—2, 
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of the body at the insertion of the falciform ligament, and thus 
completely shuts off the pericardial cavity from the body cavity. 
The horizontal septum forms, as is obvious from the above description, 
the dorsal wall of the pericardial cavity’. 

With the complete separation of the pericardial cavity from the 
body cavity, the first period in the development of these parts is 
completed, and the relations of the body cavity to the pericardial 
cavity become precisely those found in the embryos of Elasmo- 
branchii, The later changes are however very different, Whereas 
in Fishes the right and left sections of the body cavity dorsal to the 
pericardial cavity soon atrophy, in the higher types, in correlation 
with the relatively backward situation of the heart, they rapidly 
become larger, and receive the lungs which soon sprout out from the 
throat. 

The diverticula which form the lungs grow out into the splanchnic 
mesoblast, in front of the body cavity; but as they grow, they extend 
into the two anterior compartments of the body cavity, each attached 





Fio, 353, TRANSVERSE SECTIONS THROUGH A CHICK EMBRYO WITH TWENTY-ONE 
MESOBLASTIC SOMITES TO SHEW THE FORMATION OF THE PERICARDIAL CAVITY, A, BEIXU 
THE ANTERIOR SECTION. i 

pp. body cavity; pe. pericardial cavity; al. alimentary cavity; au. auricle; v. ven- 
tricle; sv. sinus venosus; de. ductus Cuvieri; uo. aorta; mp. muscle-plate; mc. 


medallary cord. 


1 K6lliker’s account of this septum, which he calls the mesocardium laterale (No. 
298, p. 213), would seem to imply that in Mammals it is completed posteriorly even 
before the formation of the liver. I doubt whether this takes place quite vo early as 
he implies, but have not yet determined its exact period by my own observations, 
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the peritoneal linings of the anterior divisions of the body cavity, 
shut off from the remainder of the body cavity by the diaphragm. 
Pc. 





Fro. 856. Sxorrox rnnoven ax apvaxckp xapuyo or 4 Rannrr 10 siew HOW 7m 
PERICARDIAL CAVITY BECOMES SUKNOUNDED BY THE PLEURAL CAVITIES, 


‘AM, heart; pe, pericardial cavity ; pl. cavity; Ig. h 2. alimentary 
tract; ao. dorsal aorta; ch. ipploshonls re. ib; st. ee ee aes 


The exact mode of formation of the diaphragm is not fully made 
out; the account of it recently given by Cadiat (No. 491) not being 
in my opinion completely satisfactory. 


Brstiocrapny, 
(491) M. Cadiat, ‘Du développement de la partie eéphalothoracique do lem- 
Repeat ta ta forcaasio! dr Slaytagron ter panna iu péseardo du pharyux ede 
Feosophage.” Journal de PAnatomie et de ta Physiologie, Wol. xrv. 1878, 


Vascular System. 

The actual observations bearing on the origin of the vascular 
system, using the term to include the lymphatic system, are very 
seanty, It seems probable, mainly it must be admitted on d prioré 

uunds, that. Sochee and lymphatic systems have originated from 
the conversion of indefinite spaces, primitively situated in the general 
connective tissue, into definite channels. It is quite certain that 
vascular systems have arisen independently in many types; a very 
striking case of the kind being the dev ent in certain parasitic 
Co; of a closed system of vessels with a red non-corpusculated 
blood (E. van Beneden, Heider), not found in any other Crustacea, 
Parts of vascular systems appear to have arisen in some cases by a 
canalization of cells. 
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form of a half tube (fig. 346), it soon becomes folded in on the dorsal 
side so as to form for the heart a complete muscular wall. Its two 
sides, after thus meeting to oe th 
tube of the heart, remain at first con- 
tinuous with the splanchnic mesoblast 
surrounding the throat, and form a pro- 
visional mesentery—the mesocardiam— 
which attaches the heart to the ventral 
wall of the throat. The superficial 
stratum of the wall of the heart differ- 
entiates itself as the peritoneal covering, 
The inner epithelioid tube takes its 
origin at the time when the general 
cavity of the heart is being formed by 
the ition of the splanchnic meso- 
blast from the hypoblast. During this 
process (fig. 357) a layer of mesoblast Tsoi 856, Bagaiast eae 
remains close to the hypoblast, but cou- rx pevxtorrsa amanr ov AN. ate 
nected with the main mass of the meso- ae e ax Etaswonnancu (Pris 
blast by protoplasinic tl ete 

second yer next becomes split from iputcince raecblaie ae sd et 
the splanchnic mesoblast, connected with matic mesoblast; ht. heart. 
the first layer by the above-mentioned 

petnglannie processes. These two layers form together the opie 
ioid lining of the heart; between them is the cavity of the heart, 








Pio, 867. ‘Thaxsvense sucTiON THROUVGN THE PORTERION PanT OF THE 
MEAD OF AN EMBHYO CHICK OF THIRTY HOURS. 
hb, hind-brain; vg. vague nerve; ep. epiblast; ch. notochord; x. thickening of 
hypobiast (possibly w rudiment of the sub-notochordal rod); al, throat; At. heart; 
pp. body cavity ; #0. somatic mesoblast; 4f- splanchnic mesoblast ; hy. hypoblast. 


i 
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whieh soon loses the protoplasmic trabeculss which at first traverse 
it. The cavity of the heart may thus be described as being formed — 
bya i oat of the eplanchnio mespblast, and resettle ial 
mode of origin that of other vascular trunks. 

description applies only to the development of the 
heart in those types in which it is formed at a after the 
throat has become a closed tube (Elasmobranchii, ia, Cyclo 
stomata, Ganoids (?)). In a number of other cases, in whieli the 
heart is formed before the conversion of the throat into a closed 
tube, of which the most notable is that of Mammals (Henseu, Gitte, 
Killiker), the heart arises as two independent tubes (fig. $58), which 
eventually coalesce into an unpaired structure. 

In Mammals the two tubes out of which the heart is formed 


A. 





Pio, 355. Sears er eee eee 6 ee 


Aon a8 #10, 144 (From Koiliker.) 
B inn more highly magnified representation of part of A. 
sj Serra spsird) pies plate; rw. medullary fold; A. ry 
i somata mesbinn ssstado sinonbiesy phe paseaaiat ia 
cavity; ahh. muscular heart; ihh. epithelioid eo nae 
Pape mesoblast ; #. part of the hypoblast which form the a 
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meet on the ventral side of the throat. For a short time they here remain 
distinct, but soon coalesce into a single tube. 

In Birds, as in Mammals, the heart makes ita appearance as two tubes, 
but arises at « period when the formation of the throat is very much more 
advanced than in the case of Mammals, The heart arises immediately 
behind the point up to which the veutral wall of the throat is established 
and thus has at first a ,-shaped form. At the apex of the ~, which forms 
the anterior end of the heart, the two halves are in contact (fig. 357), 
though they have not coalesced ; while behind they di to be continued 
as the vitelline veins. As the folding in of the throat is continued back- 
wards the two limbs of the heart are brought together and soun coalesce 
feom before backwards into a single structure. Fig. 359 A and Bshews the 
heart during this process. The two halves have coalesced anteriorly (A) 
but are still widely separated behind (B). In Teleostei the heart is formed 
as in Birds and Mammals by the coalescence of two tubes, and it arives 
before the formation of the throat, 





Fia, 359, Two DiAGRAMMATIC KECTIONS THROUGH THE MEGION OF THE HIND DUAN 
O¥ AX EmBryo Conck oF AnooT 36 HOOKS ILLUSTRATING THM FORMATION OF THE HEART, 

hb. hind-brain; ne. notochord; £. epiblast; so. somatopleure; sp. splanchnopleure; 
a, alimentary tract; hy. hypoblast; hz. heart ; of. vitelline veins. 
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In the Dipnoi important changes in the heart are effected, as com, 
with other Fishes, by the development of true lu Both the au 
and ventricular chamber may be imperfectly divided into two, and in the 
conus a partial longitudinal septum is developed in connection with a 
longi row of valves'. 

in Amphibia the heart is in many respects similar to that of the Dipnoi. 

Its curvature is rather that of a screw than of a simple 8. ‘The trancus 
arteriosus lies to the left, and is continued into the ventricle which lies 
ventrally and more to the right, and this again into the dorsally placed 
auricular section. 

After the heart has reached the piscine # the auricular section 
(Bombinator) becomes prolonged into a right and left auricular aj 
A septum next grows from the roof of the auricular portion of the heart 
obliquely backwards and towards the left, and divides it in two cham- 
bers; the right one of which remains continuous with the sinus venosus, 
while the left one is completely shut off from the sivus, though it soon 
enters into communication with the newly established pulmonary veins, 
‘The truncus arteriosus" is divided into a posterior conus arteriosus (pylan- 
gium) and an anterior bulbus (xynanginm). The former is provided with a 
proximal row of valves at its ventricular end, and a distal row at its anterior 
end near the bulbus. It is also provided with a longitudinal septum, which 
is no doubt homologous with the septum in the conus arteriosus of the 
pee ‘The bulbus is well developed in many Urodela, but hardly exists 
in the Anura. 


In the Amniota further changes take place in the heart, result- 
ingin the abortion of the distal rows of valves of the conus arteriosus’, 
and in the splitting up of the whole truncus arteriosus into three ves- 
sels in Reptilia, and two in Birds and Mammals, each opening into 
the ventricular section of the heart, and provided with a special set 
of valves at its commencement. In Birds and Mammals the ventricle 
becomes moreover completely divided into two chambers, each cotn~ 
municating with one of the divisions of the primitive truncus, known 
in the higher types as the systemic and pulmonary aorte. The 
character of the development of the heart in the Amniota will be 
best understood from a description of what takes place in the Chick. 


Tn Birds the originally straight heart (fig. 109) soon becomes doubled 
Up upon itself. The ventricular portion becomes placed on the ventral and 
right side, while the auricular section is dorsal and to the left. The two 
parts are separated from each other by a slight constriction known as the 
canalis auricularis. Anteriorly the ventricular cavity is continued into the 
truncus, and the venous or auricular portion of the heart is similarly con 


1 Bons holds that the longitudinal septum is formed by the coalescence of a row of 
longitudinal valves, but this is opposed to Lankester’s statements, ‘On the hearts of 
Ceratodus, Protopterus and Chimera," etc. Zool. Trans, Vol. x. 1879. 

* For a good description of the adult heart vide Huxley, Article * Amphibia," in 
the Encyclopedia Britannica, 

* It is just pomible that the reverse may be true, vide note on p. 526, If however, 
as is most probable, the statement in the text is correct, the valves at the mouth of 
the ventricle in Teleostei are not homologous with those of the Amniota; the former 
being the distal row of the valves of the conus, the latter the proximal. 
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‘The ventral and the dorsal pairs of valves are the first to soar the 
former as two small solid prominences separated from each by a 
narrow groove; the latter as a single ridge, in the centre of which is a 
rominence indicating the point where the ridge will subsequently become 
ivided into two. The outer valves appear opposite each other, at a con- 
siderably later period, 

As the eisie grows downwards towards the heart, it finally reaches 
the position of these valves, One of its edges then passes between the two 
ventral valves, and the other unites with the prominence on the dorsal 
valve-ridge. At the same time the growth of all the parts causes the 
valves to appear to approach the heart, and thus to be placed quite at the 
top of the ventricular cavities. The free eclgo of the septum of the truncus 
now fuses with the ventricular septum, and thus the division of the truncus 
into two separate channels, each provided with three valves, and each com- 
municating with a separate side of the heart, is complete; the position of 
the valves not being very different from that in the adult heart, 

That division of the trancus which opens into the fifth pair of arches ia 
the one which communicates with the right ventricle, while that which 
bens into the third and fourth pairs communicates with the left ventricle, 

‘he former becomes the pulmonary artery, the latter the commencement of 
the systemic aorta. 

‘he external constriction actually dividing the trancus into two vessels 
does not begin to appear till the septum has extended some way back 
towards the heart, 

The semilunar valves become pocketed at a period considerably later 
than their first formation (from the 147th to the 165th hour) in the order 
of their appearance, 

a B. 





Fro. 861, Two vizws oy Tue teanr oy A Cittck UPON THR FIFTH DAY OF 
INCUBATION. 
A. from the ventral, B, from the dorsal side, 
1a, left auricular appendage; ra. right auricular appendage ; r.v. right ventricle ; 
Le. left ventricle ; 0. truncus arteriosus. 


At the end of the sixth day, and even on the fifth day (figs. 361 and 
362), the appearance of the heart itself, without reference to the vessela 
which come from it, ix not very dissimilar from that of the adult. The 


distance from the mouth of the ventricle, it would seem possible that the portion of 
the truncus between thera and the ventricle ought to be regarded as the embryonic 
conus arteriosus, and that the distal row of valves of the conus (and not the proximal 
‘ae suggested above, p. 525) has been preserved in the higher types. 
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auricular walls, which at first puss uninterruptedly the one into the other, 
grows into the bases of the valves, which thus become in the main museular 
projections of the walls of the heart. As the wall of the ventricle thickens, 
the muscular trabeculm, connected at one end with the valves, remain at the 
other end united with the ventricular wall, and form special bands passing 
between the two. The valves on the other hand their muscular 
attachment to the auricular walls. This is the condition permanent in 
Ornithorhynchus. Tn higher Mammalia the ends of the muscular bands 
inserted into the valves become fibrous, from the development of inter- 
muscular connective tixsue, and the atrophy of the muscular elements. 
‘The fibrous now form the chordw tendinem, and the muscular the 
muscnli papillaves, 

The sinus venosus in Mammals becomes completely merged into the 
right auricle, and the systemic division of the truncus arteriosus is appa- 
rently not homologous with that in Birds. 

Tn the embryos of all the Craniata the heart is situated very far 
forwards in the region of the head. This position is retained in Pisces. 
In Amphibia the heart is moved further back, while in all the 
Amniota it gradually shifts its position first of all into the region 
of the neck and finally passes completely within the thoracic cavity. 
The steps in the change of position may be gathered from figs. 109, 
111, and 118. 


Brevioararny of the Heart. 
2} A. ©. Bernays. — “Entwicklungagesshichte d. Atrioventricularklappen.” 
(eRe. Jahrbuch, Volt, 1870. pis 
“Ueber d. Entstehung d. Herzens beim Hahn.” Arehiv f. 


4 » On the deve ent of the vascalar system of the fortus 
of Vertebrated Animals." Edinb, New Phil. Sournal, Vol. rx. 1880 and 1881, 
(495) M. Tonge. “Observations on the development of the semilunar valves 
of the aorta and pnimonary artery of the heart of the Chick.” Phil, Trans, chix. 1869. 
Vide also Von Baer (291), Rathke (300), Henson (+82), Kélliker (298), Goto (296), 
and Balfour (192). 






Arterial System, 


In the embryos of Vertebrata the arterial system consists of a 
forward continuation of the truneus arteriosus, on the ventral side of 
the throat (fig. 363, abr, and 364, a), which, with a few exceptions 
to be noticed below, divides into as many branches on each side as 
there are visceral arches. These branches, after traversing the visceral 
arches, unite on the dorsal side of the throat into a common trunk on 
each side. This trunk (figs. 363 and 364) after giving off one (or more) 
vessels to the head (c' and ¢) turns backwards, and bends in towards 
the middle line, close to its fellow, immediately below the notochord 
(i 21 and 116) and runs backwards in this situation towards the 

of the tail, The two parallel tranks below the notochord fuse very 
early into a single trunk, the dorsal aorta (figs. 363, ad, and 364, a’), 
There is given off from each collecting trunk from the visceral 
arches, or from the commencement of the dorsal aorta, a subclavian 


BOR. IL bad 
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Tn pen Fen the piscine condition is most nearly retained’. 
The mandibular artery is never developed, and the hyoid artery is 
imperfect, being only connected with the cephalic vessels and never 
directly joining the dorsal aorta, It is moreover developed later than 
the arteries of the true branchial arches behind. The subclavian 
arteries spring from the common trunks which unite to form the 
dorsal aorta. 

In the Urodela there are developed, in addition to the hyoid, four 
branchial arteries, The three foremost of these at first supply gills, 
and in the Perennibranchiate forms continue to do so through lite. 
The fourth does not supply a gill, and very early gives off, as in the 
Dipnoi, a pulmonary branch. 

The hyoid artery soon sends forward a lingual artery from its 
ventral end, and is at first continued to the carotid which grows 
forward from the dorsal part of the first branchial vessel. 

In the Caducibranchiata, where the gills atrophy, the following 
changes take place. The remnant of the Hyd is continued entirely 
into the lingual artery. The first branchial is mainly continued into 
the carotid and other cephalic branches, but a narrow remnant of 
the trunk, which originally connected it with the dorsal aorta, re- 


mains, forming what is known as a ductus Botalli. A rete mirabile 


on its course is the remnant of the original gill. 

The second and third branchial arches are continued as simple 
trunks into the dorsal aorta, and the blood from the fourth arch 
mainly to the lungs, but a narrow ductus Botalli still con- 
neets this arch with the dorsal aorta. 

In the Anura the same number of arches is present in the 
embryo as in the Urodela, all four branchial arteries supplying bran- 
chia, but the arrangement of the two posterior tranks is different 
from that in the Urodela, The third arch becomes wt ® very earl 
period continued into a pulmonary vessel, a relatively narrow branc 
connecting it with the second arch. The fourth arch joins the pul- 
monary branch of the third. At the metamorphosis the hyoid arter; 
loses its connection with the carotid, and the only le of it whi 
persists is the root of the lingual artery. The first. branchial artery 
ceases to join the dorsal aorta, and forms the root of the carotid: the 
so-called carotid gland placed on its course is the remnant of the gill 
supplied by it before the metamorphosis, 

e second artery forms a root of the dorsal aorta. The third, as 
in all the Amniota, now supplies the lungs, and also sends off a 
cutaneous branch. The fourth disappears. The connection of the 
pulmonary artery with both the third and fourth branchial arches in 
the embryo appears to me clearly to indicate that this artery was 
primitively derived from the fourth arch as in the Urodela, and 
that its permanent connection with the third arch in the Anura and 
in all the Amniota is secondary. 


1 In my ncconnt of the Amphibia, Gette (No. 296) has been followed. 
42 
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ie. that opening furthest to the left side of the ventricle (¢ and d), 
is continuous with the right fourth arch, and also with the common 





Fro. 865, DeveLovwext oF THE ORKAT ARTERIAL TRUNKH IN THE HomKXOs oF 
A. 4 Lizary; B. rie commox Fown; ©. tix Pro, (From Gegenbaur; after Rathke,) 

‘The first two arches have disappeared in all three. In A and B the last three are 
still complete, but in C the last two are alone cor 

p. pulmonary artery springing from the fifth arch, but still connected with the ayy 
tem of the dorsal aorta by a ductus Botalli; ¢. external carotid; e’, internal carotid: 
ad, dorsal aorta; a. auricle; v. ventricle; . nasal pit; m, radiment of fore-limb. 


carotid arteries (c); while a second springing from the right side of 
the ventricle is continuous with the left fourth arch (h and 7). The 
right and left divisions of the fourth arch meet however on the dorsal 
side of the cesophagus to give origin to the dorsal aorta (9). 

In Birds (os. 6 C) the left fourth arch (h) loses its connection 
with the dorsal aorta, though the ventral part remains as the root of 
the left subclavian. The truncus arteriosus is moreover only divided 
into two pare, one of which is continuous with all the systemic 
arteries, Thus it comes about that in Birds the right fourth arch (e) 
alone gives rise to the dorsal aorta. 

In Mammals (fig. 366 D) the truncus arteriosus is only divided 
into two, but the fourth arch (e), instead of the right, is that 
continuous with the dorsal aorta, and the right fourth arch (7) is 
only continued into the right vertebral and right subclavian arteries, 

‘The fifth arch always gives origin to the pulmonary artery (fig. 
365, p) and is continuous with one of the divisions of the trancus 
arteriosus. In Lizards (fig. 366 A, i), Chelonians and Birds (fig. 366 
, 7) and probably in Crocodilia, the night and left pulmonary arteries 
spring respectively from the right and left fifth urches, and during 
the greater part of embryonic life the parts of the fifth arches be- 
tween the origins of the pulmonary arteries and the system of the 
dorsal aorta are preserved as ductus Botalli. These ductus Botalli 
peat for life in the Chelonia. In Ophidia (fig. 366 B, h) and 

romelia (fg. 366 D, m) only one of the fifth arches Fives origin to 
the two pulmonary arteries, viz. that on the right side in Ophidia, 
and the left in Mammalia, 
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both subclaviuns spring from the right side. In most other types 
the origin of the subclavians is carried upwards, so that they usually 
spring from a trunk common to them and the carotids (arteria 
anonyma) (Birds and some Mammals); or the left one, as in Man and 
some other Mammals, arises from the systemic aorta just beyond 
the carotids. Various further modifications in the origin of the sub- 
elavians of the same general nature are found in Mammalia, but they 
need not be peocitied in detail, The vertebral arteries usually arise 
in close connection with the subclavians, but in Birds they arise from 
the common carotids. 4 


Biviiocrarny of the Arterial System, 


(496) H.Rathke, “Uob. d. Entwick. d. Arterien w, bei d. Siingethiers von d. 
weg wee ion." Miller's drchiv, 1843, 
ygs) H.Bathke. “Untersnehungen Gb, d. Aortenwurzeln 4. Snuricr.” Denk 
sehrifen d, k. Akad, Wien, Vol. aut. 1867. 

Vide also His (No. 232) and general works on Vertebrate Embryology. 





The Venous System. 


The venous system, as it is found in the embryos of Fishes, con- 
sists in its earliest condition of a single large trank, which traverses 
the splanchnic mesoblast investing the part of the alimentary tract 
behind the heart. This trunk is directly continuous in front with the 
heart, and underlies the alimentary canal through both its praanal 
and postanal sections. It is shewn in section in fig. 367, v, and may be 
called the subintestinal vein. This vein has been found in the 
embryos of Teleostei, Ganoidei, Elasmobranchii and Cyclostomata, 
and runs parallel to the dorsal aorta above, into which it is some- 
times continued behind (Teleostei, Ganoidci, ete.), 

In Elasmobranch ernbryos the subintestinal vein terminates, as 
may be gathered from sections (fig. 368, v.cau), shortly before the end 
of the tail. The same series of sections also shews that at the cloaca, 
where the gut en! and comes in contact with the skin, this vein 
bifurcates, the two branches uniting into a single vein both in front 
of and behind the cloaca, 

In most Fishes the anterior part of this vein atrophies, the caudal 
section alone remaining, but the anterior section of it persists in the 
fold of the intestine in Petromyzon, and also remains in the spiral 
yalve of some Elasmobranchii. In Amphioxus, moreover, it forms, 
as in the embryos of higher types, the main venous trunk, though 
even here it is usually broken up into two or three parallel vessels. 

Tt no doubt represents one of the primitive longitudinal trunks of the 
vermiform ancestors of the Chordata. The heart and the artery 
constitute a specially modified anterior continuation of this vein. The 
tlilated portal sinus of Myxine is probably also part of it; and if this is 


THE SUBINTESTINAL VEIN. 





really rhythmically contractile’ the fact would be interesting ms slewiny 
that this Goality, which is now localised in the heart, eta cene | 


common. to the subint 


vessel for its whole length. 


On the development of the candinal veins (to be described 


Fro. 367. Seerion tuxovan 
THE TRUNK OF 4 ScYLEIEM RaMAYO 
SLIGHTLY YOUNORR THAN 28 F, 


; Vr. rudiment a 
Vertebral body; af, segment 
tube; ad. segtnental duct; ap.r. 
spiral valve; r, subintestinal vein; 
poo primitive generative colle, 





cred @Ppear as a su 


considerable changes are prt gd 
subintestinal vein, Its | section, 
which is known in the adult as the caudal 
vein, unites with the cardinal yeins On 
this junction being effected 

changes take place in the prea 
of the original subintestinal vessel. Tt 
breaks up in front into a number of 


smaller vessels, the most. nee of 
which is a special vein, which lies in the 
os Sus 





fold of the spiral valve, and 
more conspicnous in some 
than in Seylliom, in which the 
ment of the vessel has been 
studied, ‘The lesser of the two branches 
connecting it round the cloaca with the 
fears ar am vanishes, and then the 
larger; and the two posterior cardinals 
are left as the sole forward continuations 
of the caudal vein, The latter then be- 
comes prolonged forwards, so that the 
two cardinals open into it some little 
ne) an eet of the hind ont a = 

idneys. By these changes, ani 
disappearance of the postanal section of 
the gut, the caudal vein is made to 
intestinal and not, as 
it really is, a subintestinal vessel, 

From the subintestinal yein there is 

given off a branch which supplies the 
yolk-sack, This leaves the subintestinal 


vein close to the liver, The liver, on 


its development, embraces the subintestinal vein, which then breaks 
up into a capil system in the liver, the main part of its 
coming at this period from the yolk-sack. 

The portal system is thus established from the subintestinal vein; 
but is eventually joined by the various visceral, and sometimes by the 
genital, veins as they become successively tayelopeet 

The blood from the liver is brought back to the sinus venosus by 
veins known as the hepatic veins, which, like the hepatic capillary 
system, are derivatives of the subintestinal vessel, 


| J, Miller bolds that this sack is mot rhythmically contractile. 
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There join the portal system in Myxinoids and many Teleostei 
a number of veins from the anterior abdominal walls, representing 
a commencement of the anterior abdominal or epigastric vein of 
higher types’. 
In the higher Vertebrates the original subintestinal vessel never attains 
a full development, even in the embryo. It is represented by (1) the 
ductus veuosus, which, like the true subintestinal vein, gives origin (in 
the Amniota) to the vitelline veins to the yolk-ack, and (2) by the caudal 
vein. Whether the partial atrophy of the subintestinal vessel was primi- 
tively caused by the development of the cardinal veins, or for sume other 
reason, it is at any rate a fact that in all existing Fishes the cardinal yeins 
form the main venous channels of the trunk. 
Their later development than the subintestinal vessel as well as their 
absence in Amphioxus, pro- 
bubly indicate that they be- A 
came evolved, at any rate in ok B 
their present form, within ere 
the Vertebrate phylum. / i 
The embryonic condi- 2 
tion of the venous system, 
with a single large subin- = 
testinal vein is, as hus been 
stated, always modified by 
the development of a 
ped system of vessels, 
mown as the cardinal 
veins, which bring to the 
heart the greater part of 
the blood from the trunk. 
The cardinal veins ap- 
in Fishes as four 
paired longitudinal trunks 
(figs. 863 and 369), two 
anterior (j) and two pos- v6, 968. Koen sxcrions Tunovuu THe Post 
terior (c). They unite mto  axat rane ov rm TAIL oY Ax KSINKYO OF THLE HAO 
two transverse trunks on 40% 48 mio. 28 F. 
either side, known as the Ain the posterior section. 


ductus Cuvieri (de), which ne, neural canal; al, post-anal gut; ale. caudal 

4 2 J vesicle of post-anul gut; x. subnotochord rod ; mp. 
fall into the sinus venosus, fyuscle plate; ch, notochord; chal. cloneny me 
passing from the body wall worta; v.caw. eandal vein, 


to the sinus by a lateral 

mesentery of the heart already spoken of (p. 515, fig, 352). The 
anterior pair, known as the anterior cardinal or jugular veins, bring 
to the heart the blood from the head and neck. They are 
placed one on each side above the level of the branchial arches 
(fig. 299, a.cv). The posterior cardinal veins lic immediately dorsal 


wt 








' Stannius, Vergleich. Anat., p. 251. 
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some distance, to give rise to the ior section of the vena cava inferior, 
situated between the kidneys’, ‘The anterior sections of the cardinal veins 
subsequently atrophy. ‘The posterior part of the cardinal veins, from their 
junction with the vena cava inferior to the caudal veins, forms a rhom- 
boidal figure. ‘The iliac vein joins the outer angle of this figure, and is 
thus in direct communication with the inferior vena cava, but it is also 
connected with a lougitudinal vessel on the outer border of the kidneys, 
which receives transverse vertebral veins and transmits their blood to the 
kidneys, thus forming a renal portal system, The anterior limbs of the 
rhombod formed by the cartinal veins soon atrophy, so that the blood 
from the hind limbs cau only pass to the inferior vena cava through the 
renal portal system, ‘The posterior parts of the two cardinal veins 
(uniting in the Urodela directly with the unpaired caudal vein) still 
persist, The iliac veins also become directly connected with a new vein, 
the anterior abdominal yein, which has meanwhile become developed, 
Thus the iliac veins become united with the system of the vena cava 
inferior through the vena renalis advehens on outer border of the 
kidney, and with the anterior abdominal veina by the epigastric veinx, 

‘The visceral venous system begins with the development of two vitelline 
veins, which at first join the sinus venosus directly. They soon become 
enveloped in the liver, where they break up into a capillary system, which 
is also joined by the other veins from the tp SRy ‘The hepatic system hax 
in fact the same relations as in Fishes, Into this system the anterior 
abdominal vein also pours itself in the adult. This vein is originally 
formed of two vessels, which at first fall directly into the sinus venosus, 
uniting close to their opening into the sinus with a vein from the trancus 
arteriosus. They become prolonged backwards, and after receiving the 
sigue veins ubove mentioned from the iliae veins, and also veins from 

@ allantoic bladder, unite behind into a single vessel. Anteriorly the 
right vein atroplies and the left continues forward the unpaired posterior 
section, 

A wcondary connection becomes established between the anterior abdo- 
minal vein and the portal system ; 60 that the blood originally transported 
by the former vein to the heart becomes diverted so aa to fall into the liver. 
A remnant of the primitive connection is still retained in the adult in the 
form of a small vein, the so-called vena bulbi posterior, which brings the 
blood from the walls of the trancus arterivsus directly into the anterior 
abdominal vein, 

‘The puluonary veins grow directly from the heart to the lungs. 


For our knowledge of the development of the venous system of the 
Amniota we ave mainly indebted to Rathke. 

As an example of the Reptilia the Snake may be selected, 
its venous system having been fully worked out by Rathke in his important 
memoir on its development (No. 300). 

‘The anterior (external jugular) and posterior cardinal veins are formed 
in the embryo as in all other types (fig. 370, ef and ve); and the anterior 
cardinal, after giving rise to the anterior vertebral and to the cephalic veins, 
persists with but slight modifications in the adult; while the two ductus 
Cuvieri constitute the superior ven cave. 

* This statement of Gétte's is opposed to that of Rathke for the Amniota, and 
cannot be considered as completely established, 
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‘The common trunk of the vitelline und mesenteric veins, which may be 


called the portal vein, becomes early enveloped by the liver, and gives off 


branches to this organ, the blood from which passes by the hepatic veins 
to the vena cava inferior, “As the branches in the liver become more im- 
portant, less and less blood is directly transported to the heart, and finally 
the part of the original vitelline vein in front of the liver is absorbed, and 
the whole of the blond from the portal systen: passes from the liver into 
the vena cava inferior. 

The last section of the venous system to be dealt with ix that of the 
anterior abdominal vein, There are originally, ax in the Anura, two veins 
belonging to this system, which owing to the precocious development of the 
bladder to form the allantois, constitute the allantoic veins (fig. 370, wu). 

‘These veins, running along the anterior abdominal wall, are formed 
somewhat later than the vitelline vein, and fall into the two ductus 
Cavieri. They unite with two epigastric veius (homologous with those in 
the Anura), which connect them with the system of the posterior car- 
dinul veins. The left of the two eventually atrophies, 0 that there is 
formed an unpaired allantoic vein. This vein at first receives the vena 
cava inferior close to the heart, but eventually the junction of the two 
takes place in the region of the liver, and finully the anterior abdominal 
vein (ax it comes to be after the atrophy of the allantois) joins the portal 
system and breaks wp into capillaries in the liver’. 

In Lizards the iliac veins join the posterior cardinals, and so pour part 
of their blood into the kidneys; they also become connected by the epi- 
gustric veins with the system of the anterior abdominul or allantoic vein, 
‘The subclavian veins join the system of the superior yenw cavas, 

‘The venous system of Birds and Mammals differs in two bd ek? 
points from that of Reptilia and Amphibia. Firstly the anterior abdominal 
vein is only a foetal vessel, forming during fetal life the allantoic vein ; 
and secondly a direct connection is established between the vena cava 
inferior and the veins of the hind limbs and posterior parts of the cardinal 
veins, so that there is no renal portal system. 

Aves. The chick may be taken to illustrate the development of the 
venuus system in Birds. 

On the third day, nearly the whole of the venous blood from the body 
of the embryo is carried buck to the heart by two main venous trunks, 
the anterior (fig, 125, S.C. V) and posterior (C. Va) cardinal veins, joining on 
each side to form the short transverse ductus Cuvieri (DC), both of which 
unite with the sinus venosus clove to the heart. As the head and neck 
continue to enlarge, and the wings become developed, the single anterior 
cardinal or jugular vein (tig. 371, J), of each side, is joined by two new 
veins; the vertebral vein (Su.V.), bringing back blood from the head and 
neck, and the subclavian vein from the wing (HW). 

On the third day the ior cardinal veins are the only veins which 
return the blood from the hinder purt of the body of the embryo. 

About the fourth or fifth day, however, vena cava inferior (fig. 
371, V.C./) makes its appearance, ‘This, starting from the sinus wenosna 
not far from the heart, is on the fifth day « short trank running backward 
in the middle line below the aorta, and speedily losing itself in the tissues 

1 The junction between the portal system and the anterior abdominal vein ix 
apparently denied by Rathke (No. 300, p. 178), but this mnst be an error on his part, 
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quickly divides into two branche. These, running along the yentral walls 





Fro. 372, Diaonas or mite vexovk cmcvrarion rx Tux Cie DURING THK LATER 
DAYS OF INCURATION, 

H. heart; VSR. right vena cava superior; VS.L. left vena cava superior; 8.V. 
‘sinus vonosus, The two venm cavw suporiores are the original ‘ductus Cuvieri,’ they 
open into the sinus venoans. J. jugular vein; SUV. anterior vertebral vein; W, 
snbelavian; ¥.C.1. vena cava inferior; HP. hepatic veins; DV. duetas venosus; 
PY. vein; M. merenterio vein bringing blood from the intestines into the 

vein ; Of. vitelline vein; U. allantoic vein. Tho three last mentioned veins 
‘unite together to form the portal vein. 


of the body from which they receive some amount of blood, pass to the 
allantois, ‘They are the allantoic veins (fig. 371, 1) homologous with the 
anterior abdominal vein of the lower types. They unite in front to form a 
single vein, which becomes, by reason of the rapid growth of the allantois, 
very long. ‘The right branch soon diminishes in size and finally disappears. 
Meanwhile the left on reaching the ullantois bifurcates; and, its two 
branches becoming large and conspicuous, there still appear to be two 
main allantoic veing. At its first appearance the allantoic vein seems to 
be but a small branch of the vitelline, but as the allantois grows rapidly, 
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hence the whole of the blood coming through the portal vein flows into the 
substance of the liver, and so by the hepatic veins into the vena cava, 

Althongh the allantoic (anterior abdominal) vein is obliterated in the 
adult, there is nevertheless established an anastomosis between the portal 
system and the veins bringing the blood from the limbs to the vena cava 
inferior, in that the caudal vein and posterior pelvic veins open into a 
vessel, known as the coccygeo-mesenteric vein, which joins the 
vein; while at the same time the posterior pelvic veins are con with 
the common iliac veins by a vessel which unites with them close to their 
junction with the coccygeo-mesenteric vein, 

Mammalia. In Mammals the same venous tranks are developed in 
the embryo as in other types (fig. 373 A). The anterior cardinals or 
external jugulars form the primitive veins of the anterior part of the body, 
and the internal jugulars and anterior vertebrals are subsequently formed. 
‘The subclayians (fig. $73 A, «), developed on the formation of the anterior 
limbs, also pour their blood into these primitive trunks. In the lower 
Mammalia (Monotremata, Marsupialia, Insectivora, some Rodentia, etc.) 
the two ductus Cuvieri remain as the two superior venm cavm, but more 
nsually an anastomosis arises between the right and left innominate veins, 
and eventually the whole of the blood of the left superior cava is carried 
to the right side, and there is left only a single superior eava (fig. 373 
B and ©). A small rudiment of the 
left superior cava remains however as 
the sinus coronarius and receives 
the coronary vein from the heart 
(figs. 373 ©, cor und 374, ca). . 

The posterior cardinal veins form 
at first the only veins receiving the 
blood from the posterior part of the 
trunk and kidneys; and on the deve- 
lopment. of the hind limbs receive the 
blood from them also, 

Aw in the types already described 
an unpaired vena cava inferior becomes 
eventually developed, and gradually car- 
ries off a larger and larger portion of 
the blood originally returned by the 
posterior cardinals. It unites with the 
common stem of the allantoic and vitel- 
line veins in front of the liver. Pio. 874. Disonast or THe curmer 

Ata later period a pair of trunks vexour rku~Ks or Max. (From Ge- 
is established bringing the blood from genbaur.) 
the posterior part of the cardinal veins 
and the crural veins directly into the 
yena cava inferior (fig. 874, i/). These hemiazygos vein; ¢. dotted line 
vessels, whose development has not been — ing previous position of cardinal veinn; 
adequately investigated, form the com- ¢ renal veins 
mon iline veins, while the posterior ends 





ie veins; A. 


of the cardinal veins which them 
become the hypogastric veins (fig. 374 
hy). Owing to the development of the 


BE WL 











U 
ines shew the ion 
of embryonic verscls a teord gmat 
adult, 
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Owing to the allantoic (anterior abdominal) vein having merely a fostal 
existence an anastomosis between the iliac veins and the portal system by 
means of the anterior abdominal vein is not established. 


BipuiocRaPHy of the Venous System. 
(498) J. Marshall. “On the development of the great anterior veins.” Phil. 
Trans., 1859. 
(499), H. Rathke. ‘Ueb. d. Bildung d. Pfortader u. d, Lebervenen b. Siuge- 
thieren.” Meckel’s Archiv, 1830. 
(500) H. Rathke. ‘Ueb. d. Bau u. d. Entwick, d. Venensystems d. Wirbel- 
thiere.” Bericht. tib. d. naturh. Seminar, d. Univ. Kinigaberg, 1888, 


Vide also Von Baer (No. 291), Gdtte (No. 296), Kdlliker (No. 298), and Rathke (Nos. 
299, 300, and 3o1). . 


Lymphatic System. 

The lymphatic system arises from spaces in the general parenchyma 
of the body, independent in their origin of the trae body cavity, though 
communicating both with this cavity and with the vascular system, 

In all the true Vertebrata certain parts of the system form definite 
trunks communicating with the venous system; and in the higher types 
the walls of the main lymphatic trunks become quite dixtinct. 

But little is known with reference to the ontogeny of the lymphatic 
vessels, but they originate late in larval life, and have at first the form of 
simple intercellular spaces. 

The lymphatic glands appear to originate from lymphatic plexuses, the 
cells of which produce lymph corpuscles. It is only in Birds and Mammals, 
and especially in the latter, that the lymphatic glands form definite 
structures. 

The Spleen. The spleen, from its structure, must be classed with the 
lymphatic glands, thongh it has definite relations to the vascular system. 
Tt is developed in the mesoblest of the mesogastrium, usually about the 
same time and in close connection with the pancreas. 

According to Miiller and Peremeschko the mass of mesoblast which 
forms the spleen becomes early separated by a groove on the one side from 
the pancreas and on the other from the mesentery. Some of its cells 
become elongated, and send out processes which uniting with like pro- 
cesses from other cells form the trabecular system. From the remainder 
of the tissue are derived the cells of the spleen pulp, which frequently 
contain more than one nucleus. Especial accumulations of these cells take 
place at a later period to form the so-called Malpighian corpuscles of the 
spleen. 


BrstiograPny of Spleen. 


(501) W.Miiller. ‘The Spleen.” Stricker's Histology. 
(502) Peremeschko. “Ueb.d, Entwick. d. Milz,” Sitz.d. Wien. Akad, Wiss., 
Vol. ivi. 1867. 


Suprarenal bodies. 
In Elasmobranch Fishes two distinct sets of structures are found, both 
of which have been called suprarenal bodies. As shewn in the sequel 


the heart through the liver is aborted, and the ductus venosus Arantii is a secondary 
connection established in the latter part of fostal life. 
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ganglia; while Kolliker also states that the posterior part of the organ is 
unpaired in the embryo rabbit of 16 or 17 days. 

The structure and development of what I have called the interrenal 
body in Elasmobranchii so closely correspond with that of the mesoblastic 
part of the suprarenal bodies of the Reptilia, that I have very 
little hesitation in regarding them as homologous'; while the paired 
bodies in Elsmobranehii, derived from the sympathetic ganglia, clearly 
correspond with the part of the suprarenals of Reptilia having a similar 
origin; although the anterior parts of the paired suprarenal bodies 
of Fishes have clearly become aborted in the higher types. 

In Elasmobranch Fishes we thus have (1) a series of paired 
bodies, derived from the sympathetic ganglia, and (2) an un- 
paired body of mesoblastic origin. In the Amniota these bodies 
unite to form the compound suprarenal bodies, the two consti- 
tuents of which remain, however, distinct in their develop- 
ment. The mesoblastic constituent appears to form the cortical 
part of the adult suprarenal body, and the nervous constituent 
the medullary part. 


Brstioarapuy of the Suprarenal bodies. 


(503) M. Braun, “Bau u. Entwick. d. Nebennieren bei Reptilien.” Arbeit. a. 
4. zool.-so0t. Institut Wiirzburg, Vol. v, 1879. 
(504) A.v. Brann. “Ein Beitrig 2. Kenntniss d. feinern Baues u. d. Entwick. 
a. Nebennieren.” Archiv f. mikr. Anat., Vol. vitt, 1872. 
(505) Fr. Leydig. Untereuch. ab. Fische w. Reptilien. Berlin, 1853, 
(506) Fr. Leydig. Rochen u. Haie. Leipzig, 1852. 
Vide also F. M. Balfour (No. 292), Kélliker (No. 298), Remak (No. 302), eto. 


1 The fact of the organ being unpaired in Elasmobranchii and paired in the 
Amnioia is of no importance, as is shewn by the fact that part of the organ is unpaired 
in the Rabbit. 


CHAPTER XXII. 


THE MUSCULAR SYSTEM. 


In all the Coelenterata, except the Ctenophora, the contractile 
elements of the body wall consist of filiform processes of ectodermal 
or entodermal epithelial cells (figs. 375 and 376 B). The elemeuts 

rovided with these processes, which were first discovered by Kleinen- 

rg, are known as myo-epithelial cells. Their contractile parts 
may either be striated (fig. 376) or 
non-striated (fig. 375). In some in- 
stances the epithelial part of the cell 
may nearly abort, its nucleus alone re- 
maining (fig. 376 A); and in this way 
a layer of muscles lying completely 
below the surface may be established. 





Fro, 875, Myo-eurtmenian gence He ee der 
caus or Hrma. (From Gogen: There is onibryological evidence of 
baur; after Kleinenberg.) the derivation of the voluntary muscular 
m. contractile fibres, system ofa large number of types from 


myo-epithelial cells of this kind. The 
more important of these groups are the Chatopoda, the Gephyrea, 
the Chatognatha, the Nematoda, and the Vertebrata’. 

While there is clear evidence that the muscular system of a large 
number of types is composed of cells which had their origin in myo- 
epithelial cells, the mode of evolution of the muscular system of other 
types is still very obscure. The muscles may arise in the embryo from 
amaboid or indifferent cells, and the Hertwigs* hold that in many of 
these instances the muscles have also phylogenetically taken their 
origin from indifferent connective tissue cells, The subject is how- 
ever beset with very serious difficulties, and to discuss it here would 
carry me too far into the region of pure histology. 












Tf recent statements of Metschnikoff are to be trusted, the Echinodermata must 
be added to these groups, Thr ameboid cells stated in the first volume of this 
treatiae to form the muscles in this group, on the anthority of Sclenka, give rise, accord. 
ing to Metschnikeff, only to the cutis, while the same naturalist states the epithelial 
cella of the vasoperitoncal vesicles are provided with muscular tails, 

7. and KR. Hertwig, Die Calomtheorie, Jena, 1881. 
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The voluntary muscular system of the Chordata, 


The muscular fibres. The muscular elements of the Chordata 
undoubtedly belong to the myo-epithelial type. The embryonic 





Fro. 876, Muscut-ceiis or Liszt Kéuntxent. (Prom Lankester; after 
0. and B. Hertwig.) 
‘A. Muscle-coll from the circular flbres of the subumbrella. 
B, Myo-cpithelial cells from the base af a tentacle, 


muscle cells are at first simple epithelial cells, but soon become 
spindle-shi : part of their protoplasm becomes differentiated into 
longitudinally placed striated muscular fibrils, while part, enclosing 
the nucleus, remains indifferent, and constitutes the epithelial ele- 
ment of the cells, The muscular fibrils are either placed at one side 
of the epithelial of the cell, or in other instances , 
the Newt, the Sturgeon, the Rabbit) surround it, The latter ar- 
rangement is Misanon the Sturgeon in fig. 57. 
¢ number of the fibrils of each cell qin increases, and 
the protoplasm diminishes, so that eventually only the nucleus, or 
nuclei resulting from its division, are left, The ucts of each cell 
probably give rise, in conjunction with a further division of the 
nucleus, to a primitive bundle, which, except in Amphioxus, Petro- 
myzon, ete., is surrounded by a special investment of sarcolemma. 

The voluntary muscular . For the purposes of deseri 
tion the muscular system of the Vertebrata may conveniently 
tlivided into two sections, viz. that of the head and that of the trunk. 
The main part, if not the whole, of the muscular system of the trunk 
is derived from certain structures, known as the muscle-plates, 
which take their origin from part of the primitive mesoblastic 
somites, . 

It has already been stated (pp. 243—246) that the mesoblastic 
somites are derived from the dorsal segmented part of the primitive 
mesoblastic plates. Since the history of these bodies is presented 
in its simplest form in Elasmobranchii it will be convenient to com- 
mence with this group. Each somite is composed of two layers—a 
somatic and a splanchnic—both formed of a single row of columnar 
cells, Between these two layers is a cavity, which is at first directly 
continuous with the general body cavity, of which indeed it merely 
forms a specialized part (fig. 877). Before long the cavity becomes 
however completely constricted off from the permanent body cavity. 
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Very early (fig. 377) the inner or splanchnic wall of the 
loses ie iene paetiirs, owing to the middle part of #3 
ing liar cl . The meaning of the changes is 
ne ar itudinal horizontal sections, which prove (fig, ; 
the cells in this situation (mp’) have become extended in » long 
tudinal direction, and, in fact, form typical indle-sheped ea 
muscle-cells, each with a large nucleus. Every muse! extends 
for the whole length of a somite. The inner noah each somite, 






(Vr), These cells form the commenci 
bodies, and have at first (fig. 378) the same segmentation as the 
somites from which they sprang. 
After the separation of the vertebral bodies from the somites, 
the remaining parts of the somites may 
be called miele yaaa since they be- 
come directly converted into the whole 
voluntary muscular system of the 
(fig 379) mp). 
ak g to the statements of Bambeke: 
and Git Am some 
Docent peotaries {x tha! SereOpeae 
of their muscular system, in that such distinet 
muscle-plates as those of other vertebrate 


types are not devel Kach side-plate of 
mesoblast is divided into « somatic 


splanchnic layer, continuous 
vertebral and parietal portions ns 





Fis. 877, ‘Tiansvinst 90° GF two layers, which were OFi — 
Thana Soot aad tnwow with Ue tm sd manila 
via, 28 E, of the parietal pies (fig. 79), The outer or 
ne, neural canal; pr. pos: somatic Ia i 
terior root of spinal nerve; x. of a single row of cells, bat the inner or 
sabnotochordal rod; ao. worte; splanchnic layer is made up of a kernel of 
Husaue: eniats up cells on the side of the somatic layer and 
musele-plate; mp’. portion of an inner layer. The kernel of the splanchnic 
manesle- plate eed ee layer eon outer or bsinreid- Jay r 
masele; Ve. portion of corres] to a muscle 
Vertebral plala which will gies and exhibit « similar 


i 
; 


In Birds the horizontal splitting of the mesoblast extends at first to the 
dorsal summit of the mesoblastic plates, but after the isolation of the 


1 Ehrlich, "Ueber den peripher. Theil d. Urwirbel.” Archie f. miers Amat, Vol. xt, 
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somites the split between the somatic and splanchnic layers becomes to a 

large extent obliterated, though in 

the anterior somites it appears in 

part to persist, The somites on the 

second day, a8 seen in a transverse 

section(fig. 115, P.v.), are somewhat 
undrilateral i ae a but broader 
an they are dee 

Each at that Ba consists of a 
somewhat thick cortex of radiating 
rather granular columnar cells, en- 
closing a small kernel of spherical 
cali. They are not, as may bo 3 ee 
seen in the above figure, completely srnenanty Yousoxn Tmax 28 FP. 
oe from the ventral (or late- The seotion is taken at the lovel of the 

as thoy are at this esiod pata notochord, and shews the separation of the 
of the mesoblastic plate, to form the vertebral 
dorsal and outer layer of the cortex ™"le-plates, 
of the somites is continuous with of vertebral body; mp, muscle 
‘the somatic layer of mesoblast, the ae Tne pla i 
remainder of the cortex, with the into longitndinal m 
central kernel, being continuous 
with ne splanchnic layer. Towards the end of the second and ray 
of the third day the w and outer layer of the cortex, pe y 
with some of the pales cells of the kernel, becomes Yio 
musele-plate (tig. 116). The musele-plate when formed (fig. 117) i found 
to consist of two layers, an inner and an outer, which enclose between 
them an almost obliterated central cavity; and no sooner is the muscle- 
plate formed than the middle portion of the inner layer becomes converted 
into longitudinal muscles. The avian muscle-plates have, in fact, pre- 
cisely the same constitution as those of Elasmobranchii, The central 
space ix clearly a remnant of the vertebral portion of the body cavity, 
which, though it wholly or partially ip in & previous stage, re- 
appears again on the formation of the musel 

‘The remainder of the somite, after the Pact of the muscle-plate, 
is of very considerable bulk; the cells of the cortex belonging to it lose 
their distinctive characters, and the major part of it becomes the vertebral 
radiment. 

In Mammalia the history appears to be lly the same as in Els 
mobranchii, The split which gives'rixe to the betes cavity is continued to 
the dorsal summit of the mesvblastic plates, and the dorsal portions of the — 

plates with their contained cavities become divided into somites, and are 
aa separated off from the ventral. The later development of the somites 
has not been worked out with the requisite care, but it would seem that 
they form somewhat cubical bodies fae which all trace of the primitive slit 
is lost. The further development resembles that in Birds, 

The first changes of the mesoblastic somites and the formation of 
the muscle-plates do not, according to Cet statements, take 
place on nite ee same type throu rong tore the oer yet ies 
comparison which has been institut Elasmobranchs and 
other Vertebrates appears to prove that there are important common 
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features in their development, which may be as primitive, 
and as baving been inherited from the aie mit Vertebrate. 
These features are (1) the extension of the body cavity into the 
vertebral plates, and subsequent enclosure of this cavity between the 
two layers of the muscle-plates; (2) the primitive division of the 
vertebral plate into an outer (somatic) and an inner (splanchnic) 
layer, and the formation of a lange part of the voluntary muscular 
system out of the inner layer, which in all eases is converted into 
muscles earlier than the outer layer. 

‘The conversion of the muscle-plates into muscles. It will be 
convenient to commence this subject with a description of the changes 
which take place in such a simple type 
as that of the Elasmobranchii. 

At the time when the m 
have become independent structures 
they form flat two-layered oblong bodies 
enclosing a slit-like central cavity (1 
279, mp). The outer or somatic wall 
is formed of simple epithelial-like cells. 
The inner or splanchnic wall has how- 
ever a somewhat complicated structure. 
It is composed d ly and ventrally 
of a columnar epithelium, but in its 
middle portion Bi the muscle-cells pre- 
viously spoken of. Between these and 
the central cavity of the plates the epi- 
thelium forming the remainder of ‘the 
layer commences to insert itself; so 
that between the first-formed muscle 
and the cavity of the muscle-plate there 

Fro. 879. Sxctiox tmover appears a thin layer of cells, not how- 
‘THE TAUXK oF A Scyrtivm mamnto ever continuous throughout. 
sea fitted oy we When first formed the muscle~ 
ater rea, = + whit as viewed from the exterior, have nearly 
rior nerve-roota; eh. notochord; straight edges ; soon however they be- 
x. sab-notochordal rod; ao-aorta; come bent in the middle, so that the 
edges- have an obtusely angular 





form, 
into ae the apex of the angle being directed 
vertebral forwards, They are so arranged that 








the anterior edge of the one plate fits 
into the posterior edge of the one in 
front. In the lines of junction between 
the plates layers of connective tissue cells appear, which form the 
Nee aonbeg os abe chen ueales septa, Re oe 
© growth of the plates is very rapid, and their uy 

soon extend to the al of the ete BAAR and their ie 
nearly meet in the median ventral line, ‘The original band — 
inuscles, whose growth at first is very slow, now increases with great 


spiral valve 5. 
770, primitive gencrative cells. 
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rapidity, and forms the nucleus of the whole voluntary muscular 
system (fig. 380, mp’). It extends upwards and downwards by the 
continuons conversion of fresh cells of the splanchnic layer into 
muscle-cells. At the same time it grows rapidly in thickness by the 
addition of fresh spindle-shaped muscle-cells from the somatic layer as 
well as by the division of the already existing cells. 

Thus both layers of the muertos are concerned in forming the 
great longitudinal lateral muscles, though the splanchnic layer is con- 
verted into muscles very much sooner than the somatic’. 

Each musele-plate is at first a continnous structure, extending 
from the dorsal to the ventral surface, but after a time it becomes 
divided by a layer of connective tissue, which becomes developed nearly 
on a level with the lateral line, into a dorso-lateral and a ventro- 
lateral section. The ends of the muscle-plates continue for a long 
time to be formed of undifferentiated columnar cells, The compli- 
cated outlines of the inter-muscular septa become gradually esta- 
blished during the later stages of development, causing the well-known 
appearances of the muscles in transverse sections, which require no 
special notice here, 

The muscles of the limbs. ‘The limb muscles are formed in 
Elasmobranchii, coincidently with the cartilaginous skeleton, as two 
bands of longitudinal fibres on the dorsal and ventral surfaces of the 
limbs (Gg. 346). The cells, from which these museles originate, are 
derived from the musele-plates. When the ends of the musele-plates 
reach the level of the limbs they bend outwards and enter the tissue of 
the limbs (fig. 380), Small portions of eeveral muscle-plates (m pl) 
come in this way to be situated within the limbs, and are very soon 
segmented off from the remainder of the muscle-plates. The portions of 
the muscle-plates thus introduced soon lose their original distinetness. 
There can however be but little doubt that they supply the tissue for 
the muscles of the limbs. The muscle-plates themselves, after giving 
off buds to the limbs, grow downwards, and soon cease to shew any 
trace of having given off these buds. 


In addition to the longitudinal muscles of the trunk just desoribed, 
which are generally characteristic of Fishes, there is found in Amphioxus a 
peculiar transverse abdominal muscle, extending from the mouth to the 
abdominal pore, the origin of which has not been made out, 


Tt has already been shewn that in all the higher Vertebrata 
muscle-plates appear, which closely resemble those in Elasmobranchii; 
so that all the higher Vertebrata pass through, with reference to their 
muscular system, a fish-like stage, The middle portion of the inner 
layers of their muscle-plates becomes, a8 in obranchii, con- 


1 ‘The brothers Hertwig have recently maintained that only the inner layer of the 
muscle-plates is converted into mnsolos. In the Elasmobranchs it is eaay to do- 
suonstrate the incorrectness of this view, and in Avipenser (rae 57, mp) the two 
layors of the musclo-plate rotain their original relations after of both of them 
have become converted into muscles, 
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verted into muscles at iod, and the outer layer fi 
lp tine seein pened ts ate ee 
give rise to the main muscular system of the trunk, at any 








Fro. 880, Thaxsvense sxctioN THROUON THE ANTERIOR PAkT OF THE THONK 
oY AM EMBRYO OF ScYLLICM sLIONTLY column THAN Yio. 29 B. < 
The section is in so far that the anterior nerre-roots have been 
juserted for the whotw length; whereas they join the spinal cord half-way between two: 
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rate to the episkeletal muscles of Huxley, is practically certain, but 
the details of the process have not been made out. 


In the Perennibranchiata the fishike arrangement of muscles is re- 
tained through life in the tail and in the dorso-lateral parts of the trunk. 
In the tail of the Amniotic Vertebrata the primitive arrangement is also 
miore or less retained, and the same holds good for the dorso-lateral trunk 
muscles of the Lacertilian, In the other Amniota and the Anura the 
dorsolateral muscles have become divided up into a series of separate 
iuscles, which are arranged in two main layers. It is probable that the 
intercostal muscles belong to the same group as the dorso-lateral muscles, 

The abdominal muscles of the trunk, even in the lowest Amphibia, 
exhibit a division into several luyers. The recti abdominis are the least 
altered part of this system, and usually retain indications of the primitive 
inter-muscular septa, which in mauy Amphibia and Lacertilia are also 
to some extent preserved in the other abdominal muscles. 

In the Amniotic Vertebrates there is formed underneath the vertebral 
column and the transverse processes a system of muscles, forming part 
of the hyposkeletal system of Huxley, and called by Gegenbaur the 
subyertebral muscles. The development of this system has not been 
worked out, but on the whole I am inclined to believe that it is derived 
from the muscle-plates. Killiker, Huxley and other em! ists believe 
however that these muscles ave independent of the mi plates in their 


in. 
oes Whether the muscle of the diaphragm is to be placed in the same 
category as the hyposkeletal muscles has not been made out 

Tt is probable that the cutaneous muscles of the trunk are derived 
from the cells given off from the muscle-plates, Killiker however believes 
that they have an independent origin. 

‘The limb-muscles, both extrinsic and intrinsic, as may be concluded 
from their development in Elasmobranchii, are derived from the musele- 
plates. Kleinenberg found in Lacertilia a growth of the muscle-plates 
into the limbs, and in Amphibia Gitte finds that the outer layer of the 
muscle-plates gives rise to the muscles of the limbs, 

In the higher Vertebrata on the other hand the entrance of the muscle- 
plates into the limbs has not been made out (Kélliker), It seems therefore 

le that by an embryological modification, of which instances are so 
frequent, the cells which give rise to the muscles of the limbs in the higher 
Vertebrata can no longer be traced into a direct connection with the muscle- 
plates, 


The Somites and muscular system of the head. 


‘The extension of the somites to the anterior end of the body in Aim- 
phioxus clearly proves that somites, similar to those of the trunk, were 
originally mt in a region, which in the higher Vertebrata has 
become differentiated into the head. In the adult condition no true 
Vertebrate exhibits indications of such somites, but in the embryos 
of several of the lower Vertebrata structures have been found, which 
are probably equivalent to the somites of the trunk: they have been 
frequently alluded to in the previous chapters of this volume. These 
structures have been most fully worked out in Elasmobranchii. 
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is so similar to the remaining sections that it must be considered 

as serially homologous with them. 

The next division of the head-cavity, which from its position may 
be called the mandibular cavity, presents 
a spatulate shape, being dilated dorsally, 
and produced ventrally into a long thin £P 
process parallel to the hyomandibular gill- 
cleft (fig. 20, zp). Like the previous » 
it is lined by a short columnar epithelium. ‘aa 

The mandibular aortic arch is situated 2p 
close to its inner side (fig. 381, 2pp). After 
becoming separated from the lower part Fro. 382. Hontzontat sec- 
(Marshall), the upper part of the cavity ree eeee ee ee an 

atrophies about the time of the appear-  sayo or Pustivnus. 

. ance of the external gills. Its lower part ep. epiblast; ve. pouch of 
also becomes much narrowed, but its walls by pobtant wich sal tora the 
of columnar cells persist. The outer or jeement of body-cavity in ie: 

somatic wall becomes very thin indeed, ceral arch; aa, aortic arch, 

the splanchnic wall, on the other hand, 

thickens and forms a layer of several rows of elongated cells. In 

each of the remaining arches there is a segment of the original body 

cavity fundamentally similar to that in the mandibular arch (fig. 382). 

A dorsal dilated portion appears, however, to be present in the third 

or hyoid section alone (fig 20), and even there disappears very soon, 

after being segmented off from the lower part (Marshall). The 
cavities in the posterior parts of the head become much reduced like 
those in its anterior part, though at rather a later period. 

It has been shewn that the divisions of the body cavity in the 
head, with the exception of the anterior, early become atrophied, 
not so however their walls. The cells forming the walls both of 
the dorsal and ventral sections of these cavities become elongated, 
and finally become converted into muscles. Their exact history 
has not been followed in its details, but they almost unquestionably 
become the musculus contrictor superticialis and musculus inter- 
branchialis'; and probably also musculus levator mandibuli and other 
muscles of the front part of the head. 

The anterior cavity close to the eye remains unaltered much 
longer than the remaining cavities. 

Its further history is very interesting. In my original account of 
this cavity (No. 292, p. 208) I stated my belief that its walls gave 
tise to the eye-muscles, and the history of this process has been to 
some extent worked out by Marshall in his important memoir (No, 


ae 


‘arshall finds that the ventral portion of this cavity, where its 
two halves meet, becomes separated from the remainder. The eventual 


1 Vide Vetter, “Die Kiemon und Kiefermusculatur d. Fische.” Jenaische Zeit- 
achrift, Vol. vit. 
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fate of this part has not however been followed. Each dorsal 
section acquires a cup-like form, investing the posterior and inner 
surface of the eye. The cells of its outer wall subsequently give rise 
to three sets of muscles. The middle of these, partly also derived 
from the inner walls of the cup, becomes the rectus internus of the 
eye, the dorsal set forms the rectus superior, and the ventral the rectus 
inferior. The obliquus inferior appears also to be in part developed 
from the walls of this cavity. 

Marshall brings evidence to shew that the rectus externus (as 
might be anticipited from its nerve supply) has no connection with 
the walls of the premandibular head-cavity, and finds that it arises close 
to the position originally occupied by the second and third cavities. 
Marshall has not satisfactorily made out the mode of development of 
the obliquus superior. 

The walls of the cavities, whose history has just been recorded, 
have definite relations with the cranial nerves, an account of which 
has already been given at p. 379. 

Head-cavities, in the main similar to those of Elasmobranchii, have 
been found in the embryo of Petromyzon (fig. 45, he), the Newt 
(Osborn and Scott), and various Reptilia (Parker). 
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CHAPTER XXIII. 
EXCRETORY ORGANS. 


Excrerory organs consist of coiled or branched and often diliated 
tubes, with an excretory pore opening on the outer surface of the 
body, and asa rule an internal ciliated orifice placed in the body- 
cavity. In forms provided with a true vascular system, there is a 
special development of capillaries around the glandular part of the 
excretory organs. In many instances the glandular cells of the organs 
are filled with concretions of uric acid or some similar product of nitro- 
genous waste, 

There is a very great morphological and physiological simi- 
larity between almost all the forms of excretory organ found in the 
animal kingdom, but although there is not a little to be said for 
holding all these organs to be derived from some common prototype, 
the attempt to establish definite homologies between them is beset 
with very great difficulties. 

Platyelminthes. Throughout the whole of the Platyelminthes 
these organs are constructed on a well-defined type, and in the 
Rotifera excretory organs of a similar form tu those of the Platyel- 
minthes are also present. 

These organs (Fraipont. No, 513) are more or less distinctly 
paired, and consist of a system of wide canals, often united into a 
network, which open on the one hand into a pair of large tubes 
leading to the exterior, and on the other into fine canals which 
terminate by ciliated openings, either in spaces between the con- 
nective-tissue cells (Bistvelmtathes), or in the body-cavity (Rotifera). 
The fine canals open directly into the larger ones, without first 
uniting into canals of an intermediate size. 

The two large tubes open to the exterior, either by means of a 
median posteriorly placed contractile vesicle, or by a pair of vesicles, 
which have a ventral and anterior position. The former type is 
characteristic of the majority of the Trematoda, Cestoda, and Roti. 
fera, and the latter of the Nemertea and some Trematoda. In the 
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Turbellaria the position of the external openings of the system is 
variable, and in a few Cestoda (Waguer) there are lateral openings 
on each of the successive proglottides, in addition to the terminal 
openings. The mode of development of these organs is unfortunately 
not known. 

Mollusca. In the Mollusca there are usually present two in- 
dependent pairs of excretory organs—one found in a certain number 
of forms during early-larval life only’, and the other always present 
in the adult. 

The larval excretory organ has been found in the pulmonate 
Gasteropoda (Gegenbaur, Fol’, Rabl), in Teredo (Hatschek), and pos- 
sibly also in Paludina. It is placed in the anterior regicn of the body, 
and opens ventrally on each side, a short way behind the velum. It 
is purely a larval organ, disappearing before the close of the veliger 
stage. In the aquatic Pulmonata, where it is best developed, it 
consists on each side of a V-shaped tube, with a dorsally-placed apex, 
containing an enlargement of the lumen. There is a ciliated cephalic 
limb. lined by cells with concretions, and terminating by an internal 
opening near the eye, and a non-ciliated pedal limb opening to the 
exterior®. 

Two irreconcilable views are held as to the development of this 
system. Rabl (Vol. 1. No. 268) and Hatschek hold that it is de- 
veloped in the mesoblast; and Rabl states that in Planorbis it is 
formed from the anterior mesoblast cells of the mesublastic bands. 
A special mesoblast cell on each side clongates into two processes, 
the commencing limbs of the future organ. A lumen is developed 
in this cell, which is continued into each limb, while the continua- 
tions of the two limbs are formed by perforated mesoblast cells, 

According to Fol these organs originate in aquatic Pulmonata as 
a pair of invaginations of the cpiblast, slightly behind the mouth. 
Each invagination grows in a dorsal direction, and after a time 
suddenly bends on itself, and grows ventralwards and forwards. It 
thus acquires its V-shaped form. 

In the terrestrial Pulmonata the provisional excretory organs are, 
according to Fol, formed as cpiblastic invaginations, in the same way 
as those in the aquatic Pulmonata, but have the form of simple non- 
ciliated sacks, without internal openings. 

The permanent renal organ of the Mollusca consists typically of a 
pair of tubes, although in the majority of the Gasteropoda one of 
the two tubes is not developed. It is placed considerably behind 
the provisional renal organ. 








1T leave ont of consideration an external renal organ found in many marine 
Gaxteropod lary, ride Vol. 1. p. 
7H. Fol, “ Etudes sur le de 
Vol. virr. 
careful observations of Fol seem to me nearly conclusive in favour of thin 
limb having an external opening, and the statement to the reverse effect on p. 232 of 
Vol. 1, of thin treatise, made on the anthority of Rabl and Butschli, must probably be 
al, 
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Each tube, in its most typical form, opens by a ciliated funnel into 
the pericardial cavity, and has its external opening at the side of the 
foot. The pericardial funnel leads into a glandular section of the 
organ, the lining cells of which are filled with concretions. This 
section is followed by a ciliated section, from which a narrow duct 
leads to the exterior. 

As to the development of this organ the same divergence of 
opinion exists as in the case of the provisional renal organ. 

Rabl’s careful observations on Planorbis (Vol. 1. No. 268) tend to 
shew that it is developed from a mass of mesoblast cells, near the end 
of the intestine. The mass becomes hollow, and, attaching itself to 
the epiblast on the left side of the anus, acquires an opening to the 
exterior. Its internal opening is not established till after the 
formation of the heart. Fol gives an equally precise account, but 
states that the first radiment of the organ arises as a solid mass of 
epiblast cells. Lankester finds that this organ is developed as a 
paired invagination of the epiblast in Pisidium, and Bobretzky also 
derives it froin the epiblast in marine Prosobranchiata. In Cephalo- 
poda on the other hand Bubretzky’s observations ([ conclude this 
from his figures) indicate that the excretory sacks of the renal 
organs are derived from the mesoblast. 

Polyzoa. Simple excretory organs, consisting of a pair of ciliated 
canals, opening between the mouth and the anus, have been found 
by Hatschek and Joliet in the Entoproctous Polyzoa, and are de- 
veloped, according to Hatschek, by whom they were first found in 
the larva, from the mesoblast. 

Brachiopoda. One or rarely two (Rhynchonella) pairs of canals, 
with both peritoneal and external openings, are found in the Brachio- 
poda, They undoubtedly serve as genital ducts, but from their struc- 
ture are clearly of the same nature as the excretory organs of the 
Chaztopoda described below. Their development has not been worked 
out. 

Chetopoda. Two forms of excretory organ have been met with 
in the Chatopoda. The one form is universally or nearly universally 
present in the adult, and typically consists of a pair of coiled tubes 
repeated in every segment. Kach tube has an internal opening, 
placed as a rule in the segment in front of that in which the greater 
part of the organ and the external opening are situated. 

There are great variations in the structure of these organs, which 
cannot be dealt with here. It may be noted however that the 
internal opening may be absent, and that there may be several in- 
ternal openings for each organ (Polynoe). In the Capitellide more- 
over several pairs of excretory tubes have been shewn by Eisig (No. 
512) to be present in each of the posterior segments. 

The second furm of excretory organ has as yet only been found in 
the larva of Pulygordius, and will be more conveniently dealt with in 
connection with the development of the excretory system of this 
form. 

36—2 
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When the posterior region of the embryo becomes segmented, 

pared excretory organs are formed in each of the posterior segments, 
ut the account of their development, as given by Hatschek, is so 

remarkable that I do not think it can be definitely accepted with- 
out further confirmation. 

From the point of junction of the two main branches of the 
larval kidney there grows backwards (fig. 384 B), to the hind end 
of the first segment, a very delicate tube. only indicated by its 
ciliated Jumen, its walls not being differentiated. Near the front 
end of this tube a funnel, leading into the larval body cavity of 
the head, is formed, and subsequently the posterior end of the tube 
acquires an external opening, and the tube distinct walls. The com- 
munication with the provisional excretory organ is then lost, and 
thus the excretory tube of the first segment is established. 

The excretory tubes in the second and succeeding segments 
are formed in the same way as in the first, 7.e. by the continuation of 
the lumen of the hind end of the excretory tube from the preceding 
segment, and the subsequent separation of this part as a separate 
tube. 


The tube may be continued with a sinuous course through 


TEESE 
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several segments without a distinct wall. The external and internal 
openings of the permanent excretory tubes are thus secondarily ac- 
quired. The internal openings communicate with the permanent 
body cavity. The development of the permanent excretory tubes is 
diagrammatically represented in fig. 384 C and D. 

The provisional excretory organ atrophies during larval life. 


If Hatschek’s account of the development of the excretory system of 
Polygordius is correct, it is clear that important secondary modifications 
must have taken place in it, because his description implies that there 
sprouts from the anterior excretory organ, while it has its own external open- 
ing, « posterior duct, which does not communicate either with the exterior 
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or with the body cavity! Such a duct could have no function. It ix 
intelligible either (1) that the anterior excretory organ should lead into 
a longitudinal duct, opening posteriorly ; that then a series of secondary 
openings into the body cavity shonld attach themselves to this, that for 
each internal opening an external should subsequently arise, and the 
whole break up into separate tubes; or (2) that behind an anterior pro- 
visional excretory organ a series of secondary independent segmental tubes 
should be formed, But from Hatschek’s account neither of these modes of 
evolution can be deduced. 


hyrea, The Gephyrea may have three forms of excretory 
organs, two of which are found in the adult, and one, similar in 
position and sometimes also in structure, to the provisional ex- 
cretory organ of Polygordius, has su far only been found in the 
larve of Echiurus and Bonellia. 

In all the Gephyrea the so-called ‘brown tubes’ are apparently 
homologous with the segmented excretory tubes of Chaxtopods. 
Their main function appears to be the transportation of the gene- 
rative products to the exterior. There is but a single highly 
modified tube in Bonellia, forming the oviduct and uterus; a pair 
of tubes iu the Gephyrea inermia, and two or three pairs in most 
Gephyrea armata, except Bonellia, Their development has not been 
studied. 

In the Gephyrea armata there is always present a pair of pos- 
teriorly placed excretory organs, opening in the adult into the anal 
eatremity of the alimentary tract, and provided with numerous 
ciliated peritoneal funnels, ‘These organs were stated by Spengel to 
» in Bonellia as outgrowths of the gut; but in Kch/urus Hatschek 
(No. 515) finds that they are developed from the somatic mesoblast 
of the terminal pact of the trank. They soon become hollow, and 
after attaching themselves to the epiblast on each side of the anus, 
acquire external openings. They are not at first provided with 
ritoncal funnels parts of the organs become developed 
from a ring of cells at their inner extremities; and there is at first 
but a single funnel for cach vesicle. The mode of increase of the 
funnels has not been observed, nor has it been made out how the 
orgaus themselves become attached to the hind-gut. 
provisional excretory organ of Echiurus is developed at_an 
rval stage, and is functional during the whole of larval life. 
Jt at first forms a ciliated tube on each side, placed in front of that 
part of the lava which becomes the trunk of the adult. It opens 
to the exterior by a fine pore on the ventral side, immediately in 
front of one of the mesoblastic bands, and appears to be formed 
of perforated cells. It terminates internally in a slight swelling, 
w represents the normal internal ciliated funnel. The pam 
i mple excretory organ becomes eventually highly complex by 

vation of numerous br seach ending in a slightly swollen 

These branches, in the later larval stages, actually form 
k. and the inner end of each main braneh divides into a 
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bunch of fine tubes. The whole organ resembles in many respects 
the excretory organ of the Platyelminthes. 

In the larva of Bonellia Spengel has described a pair of provisional 
excretory tubes, opening near the anterior end of the body, which are 
probably homologous with the provisional excretory organs of Echiurus 
(vide Vol. 1, fig. 162 C, se). 

Discophora. As in many of the types already spoken of, per- 
manent and provisional excretory organs may be present in the 
Discophora. The former are usually segmentally arranged, and 
resemble in many respects the excretory tubes of the Shatoparta: 
They may either be provided with a peritoneal funnel (Nephelis, 
Clepsine) or have no internal opening (Hirado), 

Bourne’ has shewn that the cells surrounding the main duct in 
the medicinal Leech are perforated by a very remarkable network of 
ductules, and the structure of these organs in the Leech is so peculiar 
that it is permissible to state with due reserve their homology with 
the excretory organs of the Chwtopoda. 

The excretory tubes of Clepsine are held by Whitman to be 
developed in the mesoblast. 

There are found in the embryos of Nephetis and Hirudo certain 
remarkable provisional excretory organs the origin and history of 
which are not yet fully made out. In Nephelis they appear as one 
(according to Robin), or (according to Biitschli) as two successive 
pairs of convoluted tubes on the dorsal side of the embryo, which 
are stated by the latter author-to develop from the scattered meso- 
blast cells underneath the skin. At their fullest development they 
extend, according to Robin, from close to the head to near the ventral 
sucker. Each of them is U-shaped, with the open end of the U 
forwards, each limb of the U being formed by two tubes united in 
front. No external opening has been clearly made out. Fiirbringer 
is inclined from his own researches to believe that they open laterally. 
They contain a clear fluid. 

Th Hirudo. Leuckart has described three similar pairs of organs, 
the structure of which he has fully elucidated. They are situated 
in the posterior part of the body, and each of them commences 
with an enlargement, from which a convoluted tube is continued 
for some distance backwards; the tube then turns forwards again, 
and after bending again upon itself opens to the exterior. The an- 
terior part is broken up into a kind of labyrinthic network. 

The provisional excretory organs of the Leeches cannot be identi- 
fied with the anterior provisional organs of Polygordius and Echiurus. 

Arthropoda. Amongst the Arthropoda Peripatus is the only 
form with excretory organs of the type of the segmental excretory 
organs of the Chetopoda*. 


1 On the Structure of the Nephridia of the Medicinal Leech.” Quart. J. of 
Mier. Science, Vol. xx. 1880. 

2 Vide F.'M, Balfour, “On some points in the Anatomy of Peripatus Capensis.” 
Quart. J. of Micr, Science, Vol. xtx. 1879. 
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(2) The Wolffian body, which may be also called the 
It consists of a series of, at first, segmentally (with a few exceptions) 
glandular canals (segmental tubes) primitively openmg at 
one extremity by funnel-shaped ures into the body cavity, and 
at the other into the segmental duct. This duct becomes in many 
forma divided longitudinally into two parts, one of which then 
remains attached to the segmental tubes and forms the alee or 
mesonephric duct, while the other is known as the Mallerian 

(3) The kidney proper or metanephros. ‘This organ is only 
found in a completely differentiated form in the amniotic Vertebrata, 
Tts duet is an outgrowth from the Wolffian duct. 

The above pats do not coexist in full activity in any living adult 
member of the Vertebrata, though all of them are found together ia 
certain embryos, They are so intimately connected that they cannot 
be satisfactorily dealt with separately. 

Elasmobranchii. The excretory system of the Elasmobranchii is 
by no means the most primitive known, but at the same time it forms a 
convenient mincing pont for studying the modifications of the system 
in other groups. most remarkable peculiarity it nts is the 
absence of a pronephros. The development of the branch 
excretory system has been mainly studied by Semper and myself. 

The first trace of the system makes its appearance as @ knob of 
mesoblast, springing from the intermediate ball eed near the level of 
the hind end of the heart (fig. 385 A, pd), This knob is the rudiment 
of the abdominal opening of the segmental duct, and from it there 
grows backwards to the level of the anus a solid column of cells, 
which constitutes the rudiment of the ental duct itself (fig. 385, B, 
pd). The knob projects towards the epiblast, and the column connected 
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Fro. 385. Two sxcrroxs oF s Pristiures £MBRYO WITH THREE VISCERAL CLEYTS. 

‘The sections iMastrate the development of the segmental duct imitive duct 
of the pronephros, In A (the anterior of the two sections] ppd wolid knob 
(pd) projecting towards the epiblast. In B is seen a ion of the colt which has 
grown backwards from the knob in A. 

“mm. rodiment of a spinal nerve; me, medullary eanal; ch. notochord; X. sub- 
otochordal rod; mp, muscle. | portion of muscle-plate: 
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with it lies between the mesoblast and epiblast. 
column do not long remain solid, but the fofmer aequir 


codtinuous wil & lene, Wid 


its ay in the column 
ad). The knob forms the only: > 
which can be regarded as a rudiment 
oe ni i alll Sn 
ie lumen 16 us 
formed, the segmental tu pri te 
sonephros become i = 
to arise as differentiations of th 


of the body cavity and the muscle-plate 
(fig. 386, st)‘, witch are usually known 
as the intermediate cell-masses, . 
The lumen of the segmental tubes, 
though at first very small, soon becomes: 
of a considerable size. Tt ay to be 
established in the position of the section 
Fro, 336. Sxcrox rnnovon Of the body cavity in the intermediate 
THY tux or 4 Sovture enero cell-mass, which at first unites the t 
sutonrey rousoxR THAN 28. ~~ of the body cavity in the muscle 
sec. spinal canal; W. white with the permanent body cavity. The 
lumen of each tube opens at its lower 
end into the dorsal part of the bod: 
cavity (fig. 386, st), and each tube 
into muscles; Vr. rudiment of Obliquely backwards round the inner and 
ih body 5 fo phar -appeses ete side of been rete duct, near 
ay ae Seren ®t. which it at first 1 indly, 
i ; 5 
pa init paeativcaia One segmental tube makes its ap- 
rance for each somite (fig. 265), com- 
mencing with that immediately behind the abdominal opening of 
the segmental duct, the last tube being situated a few segments 
behind the anus. Soon after their formation the blind ends of the 
segmental tubes come in contact with, and open into the 
duct, and each of them becomes divided into four parts, are 
(1) a section ing the peritoneal opening, known as the peri 
toneal funnel, (2) a dilated vesicle into which this opens, (3) a 
coiled tubulus proceeding from (2), and terminating in (4) a wider por- 
tion opening into the segmental duct, At the same time, or 
before this, each segmental duct unites with and opens into one of 


* In my of pant accor of the Gevelopevent held Cisse tober i aaa 
of the do Bi bette ‘Sedgwick (No. 549) was lod to doubt the securscy: 


statenent from his investigations on the chick; and froma 
mye 
| 


of my specimens be arrived at the results stated above, and which Tam mow 


EXCRETORY ORGANS. oT 
the horns of the cloaca, and also retires from its primitive position 
between the epiblast and mesoblast, and assumes a position close to 
the epithelium lining the body eavity (fig. 380, sd). e general fea- 
tures of the excretory organs at this period are di: matically re- 
presented in the woodcut (fig. 387). In this fig. pd is the ental 
duct and o its abdominal opening; sf points to the segmental tubes, 
the finer details of whose structure are not represented in the diagram, 
The mesonephros thus forms at this period an elongated gland com- 
posed of a series of isolated coiled tubes, one extremity of each of 
which opens into the body cavity, and the other into the segmental 
duct, which forms the only duct of the system, and communicates at 
its front end with the body cavity, and behind with the cloaca. 

The next important change concerns the segmental duct, which 
becomes longitudinally split into two complete Kore in the female, 
and one complete duct and parts of a second duct in the male. The 
manner in which this takes place is diagrammatically represented in 
fig. 387 by the clear line «, and in transverse section in hgs. 388 and 389. 
The resulting ducts are (1) the Wolffian duct or mesonephric duct 
(wd), dorsally, which remains continuous with the excretory tubules 
of the mesonepbros, and ventrally (2) the oviduct or Miillerian duct in 
the female, and the rudiments of this duct in the male, In 





Fie. 887, Diaohast OF THE PRIMITIER CONDITION OF TARR KIER IN AM 
Exasmopnancn £9 8k0. 
pa. ital duct. It opens at o into the body cavity and at its other extremity 
into the clonea: x. line along which the division appears which separates the: tal 
duct into the Wolffian duct above and the Mitllorian duct below; «.¢. segmental tubes. 
‘They open at one end into the body cavity, and at the other into the segmental duct. 


female the formation of these ducts takes (Bg. 389) by a near! 

solid rod of cells being gradually split off from the ventral side of all 
but the foremost part of the original segmental duct. This nearly 
solid cord is the Millerian duct (od). A very small portion of the 
Inmen of the original segmental duct is perhaps continued into it, 
but in any case it very soon acquires a wide lumen (fig, 389 A), The 
anterior part of the segmental duct is not: divided, but remains con- 
tinuous with the Miillerian duct, of which its anterior pore forms the 
permanent peritoneal opening’ (fig. 387). The remainder of the seg- 


Five or six segmental tubox belong to the region of the undi 


vided anterior part 
‘of the segmental duct, which forms the front end of the Millerian duct; but they ap- 


end to atrophy very early, without acquiring a definite attachment to the segmental 
net. 
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which joins the fourth section of it close to the openin, 
Mabeighi The remainder of the vesicle becomes 
i 


Wolffian duet (fig. 390 
converted into a ian 
body (mg). By Re "hest of 
these changes a tube is estab- 
lished connecting each pair of 
segments of the mesonephros, 
and though this tube is in part 
aborted (or only represented by 
a fibrous band) in the anterior 
part of the excretory organs in 
the adult, and most probably in 
the hinder part, yet it seems 
almost certain that the second- 
ary and tertiary Malpighian 
bodies of the majority of seg- 
ments are developed from its 
persisting blind end. Each of 
these secondary and tertiary 
Malpighian bodies is connected 
with a convoluted tubulus (fig. 
391 amy), which is also deve- 
loped from the tube connecting 
each pair of segmental tubes, 
and therefore falls into the 


573 


into the 





Fro, 300. Lowsarrontya, VERTICAL 8%C- 
TION THROUOM PART OF HE MRBONEPHKOS OF 
AN IOMEYO OF ScYLLEUM, 

The figure contains two examples of the 
budding of the vesicle of a segmental tal 
(which forms » Malpighian body in its own 
eeu to unite with the tubulus in the 

segment close to its opening into 
n oe seonapts wie) duet. 
oe. be of body-cavity 
ps funnel of ae ‘ae wal 
peritoneal opening; mg. 
px. bud from Malpighian Paar wi 
‘anal tour dagaeod 





rimary tubulus close to its junction 


with the segmental duct. Owing to the formation of the accessory 
oes the segments of the mesonephros acquire a compound cha- 


The third section of each tubulus becomes by continuous growth, 
especially in the hinder segments, very bulky and convoluted, 
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Tink SkomENTS OF THE AXTEKION PANT OF THE MESOXEMIKOK OF A 


‘NEANLT TPE EMBRIO OF ScYLLIUM CANICULA AN A TRANSPARENT OnJKCT. 


‘The figure shows a fibrous band 
pighian bodies in two segments, whis 
Malpighian body. 


iug from the primary to the moondary Mal- 
is the ruimaina of the outgrowth from the primary 


aan Malpizhian body; a.m. accesory, Mal- 





sto, peritons 
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The general character of a slightly developed segment of the 
mesonephros at its full growth may be gathered from fig. 391. It 
commences with (1) a peritoneal opening, somewhat oval in form 
(st.o) and leading directly into (2) a narrow tube, the segmental tube, 
which takes a more or less oblique course backwards, and, passing 
superficially to the Wolffian duct (w.d), opens into (3) a Malpighian 
body ( p.mg) at the anterior extremity of an isolated coil of glandular 
tubuli. This coil forms the third section of each segment, and 
starts from the Malpighian body. It consists of a considerable 
number of rather definite convolutions, and after uniting with tubuli 
from one, two, or more (according to the size of the segment) acces- 
sory Malpighian bodies (a.mg) smaller than the one into which the 
segmental tube falls, eventually opens by (4) a narrowish collecting 
tube into the Wolffian duct at the posterior end of the segment. 
Each segment is probably completely isolated from the adjoining 
segments, und never has more than one peritoneal funnel and one 
communication with the Woljiun duct. 

Up to this time there has been no distinction between the 
anterior und posterior tubuli of the mesonephros, which alike open 
into the Wolffian duct. The collecting tubes of a considerable num- 
ber of the hindermost tubuli (ten or eleven in Scyllium canicula), 
either in some species elougate, overlap, aud eventually open by 
apertures (not usually so numerous as the separate tubes), on nearly 
the same level, into the hindermost section of the Wolttian duct in 
the female, or into the urinogenital cloaca, formed by the eoa 
terminal parts of the Wolffian ducts, in the male ; or in other species 
Decome uoditied, by a peculiar process of splitting from the Wolli 
duct, so as to pour their secretion inte e duct on each 
which opens in a position corresponding with the numerous ducts 
of the other species (tiy Tn both cases the modified posterior 
kidney-segments are probably equivalent to the permanent kiduey 
or metanephros of the amniotic Vertebrates, and for this reason the 
numerous collecting tubes or single collecting tube, as the cave may 
be, will be spol of as ureters. The anterior tubuli of the primitiv 
excretory organ retain their carly relation to the Wolttan duet, and 
form the pe nent. Wolffian body or mesonephros. 

The originally separate terminal extremities of the Wolfian ducts 
always and form a urinal cloaca, opening by a single ay 
ture, situated at the extremity of the median papilla behind the anus. 
Some of the peritoneal openings of the segmental tubes in Seyllim, 
or in othe all the openings, become obliterated, 

In the male the anterior segmental tubes undergo remarkable 
modifications, aud beeome connected with the testes. Branches 
appear to grow from the first three or four or more of them (thongh 
probably not from their peritoneal openings; which pass to the base 
of the testis, and there uniting into a longitudinal canal, form a 
tion of the testicular ampulle (fy. 
nefferentia, carry the semen to the 
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Wolffian body, but before opening into the tubuli of this body the: 
unite into a canal known as the longitudinal canal of the Woljiian We 
(Lc), from whieh pass off ducts equal in number to the vasa efferentia, 
each of which normally ends in « Malpighian corpuscle. From the 
Malpighian corpuscles so connected there spring the convoluted tubuli, 
forming the generative wents of the Wolffian body, whieh 
the semen is conveyed to the Wolffian duct (v.d). The Wol! duct. 
itself becomes much contorted and acts aa vas deferens. 


# 
AS 





or 


Fro, 392. DIAGMAM OF THE ARKANGRMENT OF THE URINOGENITAL ORGANS 
TN AN ADULT FeMALe Exasmonnaxcet, 
m.d, Milllerian duct; wd, Wolffian duct; s.t. segmental tubes; five of them are 
represented with openings into the body cavity, the posterior segmental tubes form 
the mesonephros; ov. ovary. 


Figs. 392 and 393 are diagrammatic representations of the 
chief constituents of the adult urinogenital organs in the two 
sexes. In the adult female (fig. 392), there are present the following 
parts: 

(1) The oviduct or Millerian duct (md) split off from the 
segmental duct of the kidneys. Each oviduct opens at its anterior 
extremity into the body-cavity, and behind the two oviducts have 
independent communications with the general cloaca, 





Fra. 393, Disonam oF THE ANNANGEMENT OF THE CRINOGENITAL ONGANR 
TH Ax ADULT mate ExasMonkanch 





VE vasa efferentia; te. longitudinal canal of the Wolffian body. 
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Cem The development of the excretory system amongst, 
the Cyclostomata has only ie studied in reper (Muller, 


Fiirbringer, and Scott). 

The first part of the system developed is the segmental duct. It 
appears in the embryo of about 14 days (Scott) as a solid cord of cells, 
differentiated from the somatic mesoblast near the dorsal end of the 
body cavity. This cord is at first placed immediately below the 
epiblast, mul oes backwards by a continuous process of differen- 
tiation of fr mesoblast cells. It soon acquires a lumen, and 
joins the cloacal section of the alimentary tract before the cloze of 
fastal life. Before this communication is established, the front end 
of the duct sends a process towards the body cavity, the blind end of 
which acquires a ciliated opening into the latter, A series of about 
four or five successively formed outgrowths from the duct, one behind 
the other, give rise to as many ciliated funnels opening into the be 
cavity,and each communicating by a more or less elongated tube wil 
the segmental duct. These funnels, which have a metamerie ai 
ment, constitute the pronephros, the whole of which is situated in 
pericardial region of the body cavity, 

On the inner side of the peritoneal openings of each pronephros 
there is formed a vascular glomerulus, projecting into the % 
cavity, and covered by peritoneal epithelium. For a considerab! 
period the pronephros constitutes the sole functional part of the 
excretory system, 

A mesonephros is formed (Firbringer) relatively late in larval life, 
as a segmentally arranged series of solid cords, derived from the peri- 
toneal epithelium. ‘These cords constitute the rudiments of the 
segmental tubes. They are present for a considerable portion of the 
body cavity, extending backwards from a point shortly behind the 
pene: They soon separate from the peritoneal epithelium, 

ecome hollowed out into canals, and join the segmental duct. At 
their blind extremity (that originally connected with the peritoneal 
epithelium) a Malpighian body is eae : 

ronephros is only a provisional excretory organ, the 

of i acca during larval life, and is nearly com de Gets 
the Ammocorte has reached 180 mm. in length. Further changes 
take place in connection with the excretory system on the con- 
version of the Ammocete into the adult. 

‘The segmental ducts in the adult fall into a common urinogenital 
cloaca, which oj on a papilla behind the anus. This cloaca also 
communicates by two apertures (abdominal pores) with the body 
cavity. The generative products are carried into the cloaca by these 
pores; so that their transportation outwards is not performed by 
any part of the primitive urinary system. The orinogenital cloaca 
is formed by the separation of the portion of the primitive cloaca 
containing the openings of the segmental ducts from that connected 
with the alimentary tract. 

The mesonephros of the Ammocoste undergoes at the meta- 


nde - 
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of the pronephros (fig. 395, po) soon becomes completely isolated from 
the remainder, so as to form a closed cavity (g/), The development 





Fio, 305, Skcrion rinoven THe PhoNKPHKOS OF 4 TROUT AxD ADyACINT PARTA 
TEN DAYS BEFORE MATCHING. 
PM ron; po. opening of pronephros into the isolated ion of the 
eA shy caning he omemlass gt glomerulus; ao. aorta; Te stssnced 
», subnotochordal rod; al. alimentary tract, 


of the mesonephros does not take place till long after that of the pro- 
nephros, The segmental tubes which form it are stated by Fiirbringer 
to arise from solid ingrowths of peritoneal epithelium, deve! 
successively from before backwards, but Sedgwick informs me that 
they arise as differentiations of the mesoblastic cells near the peri- 
toneal epithelium. They soon become hollow, and unite with the 
segmental duct. Malpighian bodies are developed on their median 
portions. They grow very (se in length, and become much con- 
voluted, but the details of this process have not been followed out. 

‘The foremost segmental tubes are situated close behind the pro- 
nephros, while the hindermost are in many cases developed in the 
postanal continuations of the body cavity. The pronephros a 
to form the swollen cephalic portion of the kidney of the adake and 
the mesonephros the remainder; the so-called caudal portion, where 
present, being derived (?) from the postanal segmental tubes, 

Tn some cases the cephalic portion of the kidneys is absent in the 
adult, which probably implies the atrophy of the pronephros; in other 
instances the cephalic portion of the kidneys is the only id de- 
veloped. Its relation to the embryonic pronephros requires however 
farther elucidation. 

In the adult the duets in the lower part of the kidneys lie as 
a role on their outer borders, and almost invariably open into a 
urinary bladder, which usually opens in its turn on the urinogenital 


37—2 


EXCRETORY ORGANS. 581 


jally worked out in Acipenser and Lepidosteus', is on the 
eal coe similar to that in the Teleostei. ‘the et portion of the 





Fie, 897. TRANSVERSE KRCTION THROUGM TItk AXTENION PANT oY Ax AcIPEXHEN 
empnyo, (After Salensky.) 


, medullary groove; Mp. medullary plate; Wg. segmental duct; Ch, notochord ; 
Fy Goreme Sap. Pionsbinstie sanaitat Sp. parietal part of mesoblastio plate, 


system to be formed is the segmental duct. In Lepidosteus this duct 
is formed as a groove-like invagination of the somatic peritoneal 
epithelium, precisely as in ‘Teleostei, and shortly afterwards forms a 
duct lying between the mesoblast and the epiblast t (fig. 396, ag). In 
Acipenser (Salensky) however it is formed as a solid ridge of the 
somatic mesoblast, as in Petromyzon and Elasmobranchii (fig. 397, 


Wo). 
In both forms the ducts unite behind with the cloaca, and a pro- 
nephros of the Teleostean type ay to be de' This gland is 


glomerulus belonging to it becomes encapsuled in a special section of 

e re opening of the pronephros of Aci into 
this cavity is shewn in fig. 398, pr.n. At this early stage of Acipenser 
(larva of 5 mm.) I could find no glomerulus. 

The mesonephros is formed some distance behind, and some time 
after the pronephros, both in Acipenser and Lepidosteus, 30 that in 
the larva of both these genera the pronephros is for a considerable 

riod the only excretory organ. In Lepidosteus especially the 
Heeiociont of the mesonephros occurs very late. 

The development of the mesonephros has not been worked out in 
Lepidosteus, but in Acipenser the anterior segmental tubes become 
first established as (I believe) solid cords of cells, attached at one 
extremity to the peritoneal epithelium on each side of the insertion 
of the mesentery, and extending upwards and outwards round the 
segmental duct*. The posterior segmental tubes arise later than the 
anterior, and (as far as can be determined from the sections in my 

ssion) they are furmed independently of the peritoneal epithe- 
ium, on the dorsal side of the segmental duct. 


+ Aciponser has been sted by Furbrin, Salonsky, Sedgwick, and also 

myself, and Lepidostens by W. andatea y 
* have not fully proved this point, but have never found more than one opening, 
4 Whoiber the seyatental tubss are formed aa ingrowiks of tho peritaneal epithelium, 

or in situ, could not be determined. 


= 





EXCRETORY ORGANS. O77 


Wesel may The development of the excretory system amongst 
the Cyclostomata has only been studied in Petromyzon (Miiller, 
Fiirbringer, and Scott). 

The first part of the system developed is the segmental duct. It 
appears in the embryo of about 14 days (Scott) as a solid cord of cells, 
differentiated from the somatic mesoblast near the dorsal end of the 
body cavity. This cord is at first placed immediately below the 
epiblast, and seve backwards by a continuous process of differen- 
tiation of fresh mesoblast cells, It soon acquires a lumen, and 
joins the cloacal section of the alimentary tract before the close of 
feetal life. Before this communication is established, the front end 
of the duct sends a process towards the body cavity, the blind end of 
which acquires a ciliated opening into the latter, A series of about 
four or five successively formed outgrowths from the duct, one behind 
the other, give rise to as many ciliated funnels opening into the bod: 
cavity, and each communicating by a more or less elongated tube wit 
the segmental duct. These funnels, which have a metameric ar: 
ment, constitute the pronephros, the whole of which is situated in the 
pericardial region of the body cavity, 

On the inner side of the peritoneal openings of each pronephros 
there is formed a vascular glomerulus, projecting into the body- 
cavity, and covered by peritoneal epithelium. For a considerable 
period the pronephros constitutes the sole functional part of the 
excretory system. 

A mesonephros is formed (Fiirbringer) relatively late in larval life, 
a3 a segmentally arranged series of solid cords, derived from the peri- 
toneal epithelium, ese cords constitute the rudiments of the 
segmental tubes. They are present for a considerable ion of the 
body cavity, extending backwards from a point shortly behind the 
aaaua They soon separate from the peritoneal epithelium, 

ecome hollowed out into canals, and join the segmental duct, At 
their blind extremity (that originally connected with the peritoneal 
epithelium) a Malpighian body is formed. 

The pronepbros is only a provisional excretory organ, the y 
of which commences during larval lite, and is nearly pompistad wl 
the Ammocete has reached 180 mm, in length. er changes 
take place in connection with the excretory system on the con- 
version of the Ammocoste into the adult. 

The segmental ducts in the adult fall into a common urinogenital 
cloaca, which opens on a papilla behind the anus, This cloaca also 
communicates ned apertures (abdominal pores) with the body 
cavity. The generative products are carried into the cloaca by these 
pores; so that their transportation outwards is not performed by 
any part of the primitive urinary system. The urinogenital cloaca 
is formed by the separation of the portion of the primitive cloaca 
containing the openings of the segmental ducts from that connected 
with the alimentary tract, 

The mesonephros of the Ammocate undergoes at the meta- 
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of the pronephros (fig. 395, po) soon becomes completely isolated from 
the pecnatider 80 Lacs 1 a closed cavity oh The development 





Fro, 895, Sxcrion tHnoven Tine rhoxkrmnos or A Tuovr axp Angacuwr panne 
TEX DAYS BEFORE MATCHING, 


Me hroa; po. of of pronephros into the isolated portion of thi 
body. ‘cavi patel Cigars gl. glomerulus; ao, sorta; ch. mploohaent 
af. sabnot dal rod; al, alimentary tract, 


of the mesonephros does not take place till long after that of the pro- 
nephros, The segmental tubes which form it are stated by Fiirbringer 
to arise from solid ingrowths of peritoneal epithelium, aselope 
successively from before backwards, but Sedgwick informs me that. 
they arise as differentiations of the mesoblastic cells near the peri- 
toneal epithelium. They soon become hollow, and unite with the 
segmental duct. Malpighian bodies are developed on their median 
tions. They grow very tly in length, and become much con- 
voluted, but the details of this process have not been followed out. 

‘The foremost segmental tubes are situated close behind the 
nephros, while the hindermost are in many cases developed in the 
postanal continuations of the body cavity. The pronephros a) 
to form the swollen cephalic portion of the kidney of the adult, and 
the mesonephros the remainder; the so-called caudal portion, where 
present, being derived (#) from the postanal segmental tubes, 

In some cases the cephalic een of the kidneys is absent in the 
adult, which probably implies the atrophy of the pronephros ; in other 
instances the cephalic portion of the kidneys is the only part de- 
veloped. Its relation to the embryonie pronephros requires Torsten 
further elucidation. 

Tn the adult the ducts in the lower part of the kidneys lie as 
a rule on their outer borders, and almost invariably open into a 
urinary bladder, which usually opens in its ture on the urinogenital 
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partially worked out in Acipenser and Lepidosteus', is on the 
whole very similar to that in the Teleostei. The first portion of the 





Fro, 397. Transvense RECTION THROVOM ‘THE ANTRAION FART OF AN ActPENBER 
wunnyo, (After ) 
. medullary groove; Mp. medullary plate; Wg. segmental duct; Ch. notochord; 
Has Ve sohlset Beer etobttale eostiey be varical een ot nearhtanie Date 


system to be formed is the segmental duct. In Lepidosteus this duct 
is formed as a groove-like invagination of the somatic peritoneal 
epithelium, precisely as in Teleostei, and shortly afterwards forms a 
duct lying between the mesoblast and the epiblast (fig. 396, sg). In 
Acipenser (Salensky) however it is formed as a solid ri of the 
somatic mesoblast, as in Petromyzon and Elasmobranchii (fig. 397, 


9). 

Tn both forms the ducts unite behind with the cloaca, and a pro- 
nephros of the Teleostean type ap} to be developed. This gland is 
provided with but, one* peritoneal opening, which together with the 
glomerulus belonging to it becomes encapsuled in a special section of 
the body cavity. The opening of the pronephros of Acij into 
this cavity is shewn in fig. 398, pr.n. At this early stage of Acipenser 
(larva of 5 mm.) I could find no glomerulus, 

The mesonephros is formed some distance behind, and some time 
after the pronephros, both in feel piss and Lepidosteus, so that in 
the larve of both these genera the pronephros is for a considerable 

riod the only excretory organ. In Lepidosteus especially the 
vevalpmiant of the mesonephros occurs very late. 

The development of the mesonephros has not been worked out in 
Lepidosteus, but in Acipenser the anterior segmental tubes become 
first established as (I faliave) solid cords of cells, attached at one 
extremity to the peritoneal deel on each side of the insertion 
of the mesentery, and extending upwards and outwards round the 
segmental duct*, The posterior segmental tubes arise later than the 
anterior, and (as far as can be determined from the sections in my 
ese they are formed independently of the peritoneal epithe- 
lium, on the dorsal side of the segmental duct. 


1 Acipenser has been investigated by Farbringer, Salensky, Sedgwick, and also 
rmysel dad Laplioeiens bs Weak Packee and meat a4 
TE ei re et tr 
segment are os My 
or in situ, could not be determined, ee 
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In later Toe Genes of 7—10 mm.) the anterior 
tubes gradually their attachment to the peritoneal ep 
The extremity near the peritoneal epithelium forms a 
body, and the other end unites with the segmental duct. At a 
later wide peritoneal funnels are established, for at any rat 
considerable number of the tubes, leading from the body cavity 
is Wp Malpighian bodies, These funnels have been noticed by 
‘irbringer, i “ 
has Bate far as I know, been made out. The funnels to be 

















no longer present in the adult. The development of the Millerian 
ucts lo ot been worked out. 


velopment of the vtory 
system commences, as in Tele- 
ostei, by the formation of the: 
segmental duct from a 

formed by a fold of the somatic 
layer of the peritoneal epithe- 
lium, near the dorsal boclarat ! 
the body cavity (fig. 399, u). | 








‘The anterior end of the: | 
is placed immediately hind | 
\ 4. the branchial region.“ Its pos- | 
cl terior part soon becomes con- | 


Fio, 398 Traxevanse aectiox ranovex yerted into a canal by a con- | 
iam sack aot "A srcton which commas & 

, epitheli domsach: yh: pies jort way from the front enc 
eee an sihteboril of ite Ale at ee : 

i pram. pronephros; 0. aorta; mp. my tends backwards. is 
reich are diftrentinted ini contractile Hines, it first ends blindly close 
aie ay spe Bad pos cam sl | cloaca, into whiel townie 

it soon opens, 

The anterior open part of the ve in front of the constriction 
(fig. 399, «) becomes differentiated into a longitudinal duct, whieh 
remains in open communication with the body cavity by two (many 
Urodela) three (many Anura) or four (Caeciliide) canals. This con- 
stitutes the dorsal part of the pronephros. The ventral part of the 
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land is formed from the section of the duct immediately behind the 
longitudinal canal. This part 8 in length, and, assuming an 
S-shaped curvature, becomes on 
the ventral side of the first formed part 
of the pronephros. By continuous growth 
in a limited space the convolutions of the 
canal of the pronephros become more nu- 
merous, and the complexity of the gland 
is further increased by the outgrowth of 
blindly ending diverticula, 

At the root of the mesentery, opposite 
the peritoneal openings of the pronephros, 
a longitudinal fold, lined by peritoneal epi- 
thelium, and attached by a narrow band 
of tissue, makes its appearance. It soon 
becomes highly vascular, and constitutes 
a glomerulus homologous with that in 
Petromyzon and Teleostei. 

The section of the body cavity which 
contains the openings of the pronephros and 
the glomerulus, becomes dilated, and then 
temporarily shut off from the remainder, 
At a later period it forms a special though 


r4 Fra. 899. Thaxsverse 
not epee see compartment. For rox fee A ERY TOURG 


a long time 
form the ads excretory onguns of larval 
Amphibia. Eventually however the form- 
ation of the mesonephros commences, 
and is followed by the atrophy of the 
pronephros. The mesonephros is com- 4: 
posed, as in other types, of a series of 
segmental tubes, but there, except in Ca- 
ciliide, no longer correspond in number 
with the mavolaien tate are in all Peegabee a Eleip = 
more numerous. joreover, in the - ers ts acti, 
terior part of the mesonephros in The malls seek tarpobla calle; d. 
Urodeles, and through the whole length 
of the gland in other types, secondary and tertiary segmental tubes 
are formed in addition to the primary tubes. 


The dev ent of the mesonephros commences in Salamandra (Fiir- 
bringer) with the formation of a series of solid cords, which in the anterior 
myotomes spring from the peritoneal epithelium on the inner side of the 
segmental duct, but posteriorly avixe independently of this epithelium in the 
adjoining mesoblast, Sedgwick informa we that in the Frog the 


peritoneal epithelium. These cords next become detached from the peri- 
toneal epithelium (in so far as they are primitively united to it), and after 
first assuming a vesicular form, grow out into coiled tubes, with a median 


© pronephros and its duct Tvrock or Bowmnearon ar rae 
LEVEL OF THE ANTERIOR EXD OF 
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Before dealing with the further changes of the Wolffian body it is 
necessary to return to the segmental duct, which, at the’ time when 
the ephros is undergoing atrophy, becomes split into a dorsal 
Wolfian and ventral Miillerian duct. The process in Sal 
(Fiirbringer) has much the same character as in Elasmobranchii, the 
Miillerian duct being formed by the gradual separation, from before 
backwards, of a solid row of cells from the ventral side of the seg~ 
mental duct, the remainder of the duct constituting the Wolftian 
duct. During. the formation of the Miillerian duct its anterior 
part becomes hollow, and attaching itself in front to the peritoneal 
epithelium acquires an opening into the body cavity. The of 
hollowing is continued backwards pari passu with the splitting of the 
segmental duct. In the female the process is continued till the 
Miillerian duct opens, close to the Wolffian duct, into the cloaca. In the 
male the duct usually ends blindly. It is important to notice that 
the abdomiual opening of the Mitlerian duct. in the Amphibia 
(Salarandra) is a formation io pence of the pronephros, and 
placed slightly behind it; and that the undivided anterior part of the 
segmental duct (with the pronephros) is not, as in Elasmobranchii, 
united with the Miillerian duct, but remains connected with the 
Woltfian duct. 

The development of the Miillerian duct has not been satisfuctorily 
studied in other forms besides Sulamandra, In Corciliide its abdominal 
opening is on a Jevel with the anterior end of the Wolffian body, In other 
forms it ix usually placed very far forwards, close to the root of the lungs 
(except in Proteus and Batrachoseps, where it is placed somewhat further 
back), and some distance in front of the Wolffian body. 

The Millerian duct is always well developed in the female, and serves 
as oviduct. In the male it does not (except possibly in Alytes) assist 
in the transportation of the genital products, and is always more or less 
rudimentary, and in Anura may be completely absent, 

After the formation of the Miillerian duct, the Wolffian duct 
remains as the excretory channel for the Wolffian body, and, till the 
atrophy of the pronephros, for this iene also. Its anterior section, 
in ete of the Wolffian body, undergoes a more or less complete 
atrophy. 

The further changes of the excretory « 1 concern (1) the junction 
in the male of the anterior part of the Wolffian body with the testis ; 
(2) certain changes in the collecting tubes of the posterior Peck of 
the mesonephros. The first of these processes results in the division 
of the Wolffian body into a sexual and a non-sexual part, and in 
Salamandra and other Urodeles the division corresponds with the dis- 
tribution of the simple and compound segmental tubes. 

Since the development of the canals connecting the testes with 
the sexual part of the Wolffian body bas not been in all points 
satisfactorily elucidated, it will be convenient to commence with a 
description of the adult bic of the parts (fig, 400 B). In 
most Instances a non segmental system of canals—the vasa efferentia 
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400 B), und the collecting tubes themselves unite together into one or 
mote short duets (ureters) before joining the Wolffian duct. 

In Batrachoseps only the first collecting tube becomes split off in 
this way; and it forms a single elongated ureter which receives all the 
collecting tubes of the posterior segmental tubes, In the female and in 
the male of Proteus, Menobranchus, and Siren the collecting tubes retain 
their primitive transverse course and open laterally into the Wolffian duct. 
In rire cases (Ellipsoglossus, Spenyel) the ureters open directly into the 
clonca, 

The urinary bladder of the Amphibia is an outgrowth of the 
ventral wall of the cloacal section of the alimentary tract, and is 
homologous with the allantois of the 
emai Yertelaates : 

@ subjoin jiagram (fig. 400) 0! 
the arbeenieal system of ae Mtoe 
trates the more important points of the 
preceding description, 

Tn the female (A) the following parts 
are present ; 

(1) The Milllerian duct or oviduct 
(od) derived from the splitting of the 
segmental duct. 

(2) The Wolffian duct (sug) con- 
stituting the portion of the segmental 
duct left after the formation of the 
Miillerian duct. 

(3) The mesonephros(r), divided into 
an anterior sexual part connected with 
a rudimentary testicular network, and a 
posterior part. The collecting tubes 
from both parts fall transversely into 
the Wolffian duct, 

(4) The ovary (or). 

(5) ‘The rudimentary testicular net- 
work, 


Tn the male (B) the following parts 
are present: 4 
(1) The functionless though fairl: 
developed Miillerian duct as ee. pee yo meonere 
(2) The Wolffian duct (sug). (From Gegenbaur; after Spengel.) 
(8) The seep ee (ry el A. Female. B. Male. 
into a true sexu art, through the r, mesonephros, on the surface 
segmental tubes of ene the Past Seiich aeons remeneaes 
passes, and a non-sexual part. The * 
collecting tubes of the latter do not 
enter the Wolffian duct directly, but 
bend obliquely backwards and only fall 
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In Reptilia (Braun, No. 542), the mesonephric tubes 
mentally-arranged masses Gui the timaetatie af thn Wellies dase ea 





Fio, 401, TRaxsvnns® aketioN THROUGH TH® DORAAL KROION OF AN 
eunnxo Ciick or 45 Hours, 
Mc. medullary canal; Pc, mesoblastic somite; Wid. Wolffian duet which i in 
contact with the intermediate cell mass; So. 3 Sp. re 5 
ps pecoret eal cavity; ch. notochord; op. of area opaca; v, blood- 


perm 

detached from the peritoneal epithelium, and lateral 

give rise to the main parts of the segmental tubes, which soon unite with 

ther aarp of the ital tubes 3 
n Bi velopment segmental tubes is more complicated’. 
The tubules of the Wolffian body are derived from the intermedinte 

cell mass, shewn in fig, 401, between the upper end of the 

and the muscleplate, In the Chick the mode of 


behind about the sixteenth segment. In frout of about the sixteenth seg- 
ment the intermediate cell mass becomes detached from the peritoneal 
epithelium at certain points, remaining attached to it at other points, 
there being several such to each segment, The parts of the intermediate 
cell mass mene peritonedl weleheliuee, Seoums “cony 
S-shaped cords which soon unite with the segment 
Te tbs, conecancceiest ot euaky be Knady soe Ue Marae Vee 
cavity is for « short distance prolonged, so that 

+ Correct figures of th stages of 

eer ereeetie of lear el tua account 
the development of the excretory organs: S49) 
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similar to those of the Reptilia, which form the rudiments of the segmental 
tubes, 

Secondary and tertiary segmental tubules are formed in thé Chick, on 
the dorsal side of the primary tubules, 
as direct differentiations of the meso- 
blust, ‘They open independently into 
the Wolffian duct. 

In Mammalia the segmental tubules 
(Egli) are formed ax solid maxses in the 
same situation as in Birds and Reptiles, 
It is not known whether they are united 
with the peritoneal epithelium. They 
soon become oval vesicles, which de- 
velop into complete tubules in the 
manner already indicated. 

After the establishment of the 
Wolltian body there is formed in 
both sexes in all the Amniota a 
duct, which in the female becomes 
the oviduct, but which is fanetion- 
less and disappears more orless com= jucitnnt, “Wa ‘Wollias daoty 0: 
pletely in the male. This duct, in aorta: me. mesentery. The segmental 
spite of certain peculiarities in its tube, and the connection between the 
development, is without doubt ho- pipet noe erye ule sae 
mnologous with the Miillerian duct 
of the Ichthyopsida, In conuection with its anterior extremity cer- 
tain structures have been found in the Fowl, whieh are probably, 
on grounds to be hereafter stated, homologous with the pronephros 
(Balfour and Sedgwick). 

The pronephros, as I shall call it, consists of a slightly con- 
voluted longitudinal canal with three or more peritoneal openings 
In the earliest condition, it consists of three snecessive open in- 








Pro, 403, 
RXTEENAL OLOMERULO® OF ONE OF THR 
ANTERIOR SKOMERTAL TORES GF AN Sat> 
wero Curck oF anovr 100 #. 
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gl. glomerulus; ge: peritoneal epi- 








Fro. 404, 
‘RISE TO THE ANTERION ranT or THe MOLLEMIAN DUCT (PRONKEHROS). 
and Sedgwick.) 


SkCTIONS KIEWINO TWO OF THE PERFTONEAL INVAGINATIONS WHICH atvy 
(After Balfour 


A ia the 1ith section of the series. 
Lb 5 


» ll ” 


eee he 


ar, second groove; gr. third groove; 72. secoud ridge; wd. Wolffian duct. 








EXCRETORY ORGANS. 593 
The Millerian duct finally reaches the cloaca though it dues not 





Fro. 405, Sxcriox oy Tae WoLrrtax nopY DEVELOPING PRONEPHROS AND 


ONNITAL GLAND oF THE FounTM Dax. (After Waldeyor.) Magnified 160 times. 





m, mesentery; 1. somatopleure; a’. portion of the germinal epithelium from which 
tho involntion (2) to form the Loe en (anterior part of Mallerian duct) takes place; 
a, thickened portion of the germinal epithelium in which the primitive germinal cells 
Cand o are lyin, modified mesoblast which will form the stroma of the ovary: 
WK. Wolffian body; y. Wolffian duct, 





in the female for a long time open into it, and in the male never 
does so, 





Fro. 406. ‘Two S#CTIONS SHRWING THE JUNCTION OF Tit TENMIXAL SoLtD FoRTION 
oy Tm Méiuemax pucr wir ri: Wonrviax pucr. (After Balfour and Sedgwick.) 
In A the terminal portion of the duct in quite distinct; in B it has united with the 
walls of the Wolffian duct, 
md, Milllerian duet; H'd. Wellfian duet, 
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pronephros, which in the Ichthyopsida develop a8 a single formation, 
rae in bearer Bird as two ns niecent oe it structures—a far from extravagant 
supposition, considering the pronephros in the Bird is undoubtedly 
sil unto the posterior position of the pronephros it is only 

tt rence to on u it 
necessary to remark that a change in position might easil Reirlnetn hn 
the acquirement of an independent development, and that is pro- 
vey correlated with a shifting of the abdominal opening por illerian 

juct. 


‘The pronephros has only been observed in Birds, and papetlsecaly 


not developed in other Amniota, ‘The Miillerian duct is also 
stated to develop asa groove of the peritoneal epithelium, shewn in the 
Liaard in fig. 254, md., which is continued ward as a primitively 
solid rod in the space between the Wolffian duct and peritoneal 
epithelium, without becoming attached to the Wolffian duct. 

On the formation of the Miillerian duct, the duct of the meso- 
nephros becomes the true meson: pas or Wolffian duct. 

After these changes have ane a new organ of great 

See makes its appearance, organ is the permanent 

ney, or metanephros 

Met The mode of development of the metanephros 
has as yet only been satisfactorily elucidated in the Chick (Sedewieks 
No. 549). The ureter and the collecting tubes of the Need 
developed from « dorsal outgrowth of the hinder part of the Wi 
duct, The outgrowth from the Wolffian duct grows forwards, and 
extends along the outer side of a mass of mesoblastic tissue which 
eo behind, but somewhat overlaps the dorsal aspect of the 

olffian 

This mass of mesoblastic colls may Le called the sstaneiies 
blastema, Sedgwick, of the ace of whose account I have 
satisfied myself, has shewn that in the Chick it is derived from 
the intermediate cell mass of the region of about the thirty-first 
to the thirty-fourth somite. It is at first continuous with, and 
indistinguishable in structure from, the portion of the intermediate 
cell mass of the region immediately in frout of it, which breaks up 
into Wolffian tubules. The metanephric blastema remains however 
quite passive during the formation of the Wolffian tubules in the 
adjoining blastema; and on the formation of the ureter breaks off 
from the Wolffian body i in front, and, growing forwards and dorsal- 
wards, places itself on the inner side of the ureter in the position 
Hosts devel of the kid Ilecting tubes 

in the su’ juent development tl Iney col tul 
grow out from ureter, and become continuous with masses of 
cells of the aueleepiiie Ue blastema, which then differentiate them- 
a fens the kid! ey thatthe 

‘The process just ay to me to e 
"aes es eb spa og eater earls on 
primitive mesonephros. 
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The chief structural iarity of the ros is the absence 
from it of Malpighian ole with the pe pec as those in the 
meso- and metanephros; unless the structures found in Myxine are 
to be regarded as such. Functionally the place of such ighian 
bodies is taken by the vascular peritoneal ridge spoken of in the 
previous pages as the glomerulus, 

That this borly is really related functionally to the pronephres appears 
to be indicated (1) by its ewene ‘occurrence with the pronephros and its 
position opposite the peritoneal openings of this 5 (2) by its eae 
at the same time as the pronephros; (3) by its losure 
the pronephridian stoma in a special compartment of the body cavity in 
Teleostei and Ganoids, and its partial enclosure in such a compartment in 
Amphibia, 

The pronephros atrophies more or less completely in most types, 
though # pay perma for life in the Toleet an Ganoids, and 
in some members of the former group it perhaps forms the sole adult, 
organ of excretion, 

The cause of its atrophy may per! be related to the fact that it is 
situated in the pericardial pend preahrs cavity, the dorsal part of 
which is aborted on the formation of a closed pericardium ; and its preserva- 
tion in Teleoxtei and Ganoils may on this view be due to the fuct that in 
these types its peritoneal funnel and its glomerulus are early isolated in a 
special cavity. 

Mesonephros. The mesonepbros is in all instances composed of a 
series of tubules (segmental pret which are developed inde- 
pendently of the segmental duct. Each tubule is typically formed of 
(1) a peritoneal funnel opening into (2) a Malpighian body, from 
which there proceeds (3) a coiled glandular tutes finally opening 
by (4) a collecting tube into the segmental duct, which constitutes 
the primitive duct for the mesonephros as well as for the rO8, 

The development of the mesonephridian tubules is subject to con- 
siderable variations. 

(1) They may be formed as differentiations of the intermediate 
cell mass, and be from the first provided with a lumen, Bi greg, eee 
the body cavity, and directly derived from the section of the ~ 
cavity present in the intermediate cell mass; the peritoneal fun 
often persisting for life (Elasmobranchii). 

(2) They may be formed as solid cords either attached to or inde- 
pendent of the peritoneal epithelium, which after first becoming inde- 
pendent of the peritoneal epithelium subsequently send downwards 
a , which unites with it and forms a peritoneal funnel, which 
may or may not persist (Acipenser, Amphibia). 

(3) They may be formed as in last case, but acquire no. 
secondary connection with the peritoneal epithelium (Teleostei, 
Amniota). In connection with the original attachment to the 
peritoneal epithelium, a true peritoneal funnel may however be 

Lacertilia). 


developed (Aves, 
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eretory function, 
suppose that the peritoneal infundibula which become the segmental hee 
were either from the first provided each with an orifice ees 
exterior, or were united with the segmental duct, edie eee 
covstariy eieshed tosks'aaorat Aagseoaien Iona as 


gan mnsegment 

‘on the el ion of the trank and its subsequent segmentation, a series 
of metameric segmental tubes became evolved opening into the segmental 
duet, ench tube being in a sort of way serially homo! com with the primi- 
tive pronephros, With the segmentation of the trunk the latter structure 


of its parts, 

Another possible view is that the segmental tubes may be modified 
derivates of posterior lateral branches of the pronephros, which may at 
first have extended for the whole length of the body cavity. If there is 
any truth in this hypothesis it is necessary to suppose that, when the an- 
segmented ancestor of the Chordata became segmented, the 
branches of the primitive excretory organ became aero arranged, 
and that, in accordance with the change eae pepe introduced in them, 
the time of their development became det 
‘extent with the time of formation of the segments to which they belonged. 
The change in their mode of development which would be thoraby, intro- 
duced is certainly not greater than that which has taken in the case 
of segmental tubes, which, having originally developed on the Elasmobranch 
type, have come to develop ax they do in the posterior part of the mesone- 
phros of Sulamendra, Birds ote. 

Genital ducts, So far the origin and development of the exere- 
tory organs have been considered without reference to the gallons 
introduced by the excretory passages coming to serve as generati' 
ducts, Such an unmodified state of the padi prea is ene 
feand pecmanaaty in Cyclostomata® and transitorily in the cater 
of most forms, 


to this nl 
? It is by no means certain that the transportation outwards of the genital 
by eile es aati emia Sa te 
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These three modes of development very probably represent: 
specialisations of the primitive state along shige Uifloere lines. In 
Amphibia the specialisation of the opening appears to have gone so 
far that it uo longer has any relation to the pronephros. It was pro- 
bably engrell one of the posterior openings of this gland, 

In Elasmobranchii, on the other , the functional opening 
is formed at a period when we should expect the pronephros to de~ 
velop. This state is very possibly the result of a differentiation by 
which the pronephros gradually ceased to become developed, but 
one of its peritoneal openings remained as the abdominal of 
the Miillerian duet. Aves, finally, appear to have become differen- 
tiated along a third line; since in their ancestors the anterior (?) pore of 
the head-kidney ap] to have become specialised as the permanent 
opening of the Miillerian duct. 

The Miillerian duct is usually formed in & more or less complete 
manner in both sexes, In Ganoids, where the separation between it 
and the Wolffian duct is not completed to the cloaca, and in the Dipnoi, 
it probably serves to carry off the tive products of both sexes, 
Tn other cases however only the female products pass ont by it, and 
the partial or complete formation of the Miillerian duet in the male 
in these cases needs to be explained. This may be done either by 
supposing the Ganoid ment to have been the primitive one 
in the ancestors of the other forms, or, by supposing characters 
acquired primitively by the female to have become inherited by both 
sexes, 

It is a question whether the nature of the generative ducts of 
‘Teleostei can be explained by comparison with those of Ganoids. 
The fact that the Miillerian ducts of the Teleostean Ganoid Lepi- 
dosteus attach themselves to the generative organs, and thus acquire 
a resemblance to the generative ducts of Telcostei, affords a power- 
ful argument in favour of the view that the generative: ducts of 
both sexes in the Teleostei are modified Miillerian ducts, Embry- 
ology can however alone definitely settle this question. 

aif the Elasmobranchii, ao ibia, and Amniota the male pro- 
ducts are carried off by the Wolffian duct, and they are transported 
to this duct, not by open peritoneal funnels of the mesonephros, but 
by a network of ducts which sprout either from a certain number of 
the Malpighian bodies opposite the testis (Amphibia, Amniota), or 
from the stalks connecting the Malpighian bodies with the open 
funnels (Elasmobranchii), After traversing this network the semen 
passes (except in certain Anura) tl h a variable number of the 
segmental tubes directly to the Wolffian duct. The extent of the 
connection of the testis with the Wolffian body is subject to great 
variations, but it is usually more or less in the anterior region. 
Rudiments of the testicular network have in many cases become 
inherited by the female. 

‘The origin of the connection between the testis and Wolffian body is still 
very obscure. [t would be easy to understand liow the testicular products, 
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opposed to a phylogenetic development; and the substitution of a direct: 
Fis peel a development hc ae jeoUabhs Wes Suieced cata 


the fact that the anterior part of the mesonephros continued all I the while 


to be unaffected and to remain as the main excretory organ Hing Seve 
The most serious difficulty urged by Furbeinger aga 

is the fact that the ureter of the metanephros develo eon its 
own, Which is quite distinct from the mode of derelonmient of the ureters 
of the metanephros of the Ichthyopsidan forms, It is however quite possi- 
ble, though fur from certain, that the ureter of Amniota may be a special 
formation confined to that group, and this fact would in no wise militate 
against the homology I have been attempting to establish. 


Comparison of the Exeretory organs of the Chordata and 
sk f feet v 


The structural characters and Pati a of the various forms of 
excretory organs described in the preced: els Ws sata Ronse Ve 
be sufficiently distinctive to render it pom 
tween these organs on a erpnncne: except in closely fewer ed groups. 

The excretory organs of the P' reine 
lar to the provisional exeretory organ of of Polygordius 
and the Gephyrea on the one hand, sa to the Vertebrate pronephros 


+ cretory 
opening might be regarded as having given origin to the peehemee 
organ, while fees with a posterior opening may haye done so for the Verte- 


aaa ety compared the provisional troch uae excretory organ 
of Polygordius to the Vertebrate pronephros, aud the posterior Chatopod 
segmental beds to the mesonephric chee the latter’ homology having 
been already su; pastas lontly a both Semper and mysel. With 


reference to the comparison of ros with the provisional excretory 


tr of Polygordius there are Tan ties : 

(1). The pee See) duct opens directly into the cloaca, 
while the duct of the provisional ne exoret organ opens an- 
teriorly, and directly to the exterior, sce! 





organs of Peace Telit and the Mollusca to be homologous. The 


abonhy of all these larval orgaus meats bo due to the presence of a 
jult (absent in the aoa) a in which 
eortiony organs, probably sie homologous with those present in the 


1 This enggestion bas 1 believe been made by Fiirbringer. 
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anterior part of the larva, became developed. The excretory organs in the 
trunk were probably more conveniently situated than those in the head, 
and the atrophy of the latter in the adult state was therefore brought 
about, while the trunk organs became sufficiently enlarged to serve as the 


sole excretory organs. 
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CHAPTER XXIV. 
GENERATIVE ORGANS AND GENITAL DUCTS. 


GENERATIVE ORGANS. 


‘le structure and growth of the ovum and spermatozoon were 
given in the first chapter of this work, but their derivation from the 
germinal layers was not touched on, and it is this subject with which 
we are here concerned. If there are any structures whose identity 
throughout the Metazoa is not open to doubt these structures are the 
ovum and spermatozoon ; and the constancy of their relations to the - 
germinal layers would seem to be a crucial test as to whether the 
latter have the morphological importance usually attributed to them. 

The very fragmentary state of our knowledge of the origin of the 
generative cells has however prevented this test being so far very 
generally applied. 

Porifera. In the Porifera the researches of Schulze have clearly 
demonstrated that both the ova and the spermatozoa take their 
crigin from indifferent cells of the general parenchyma, which may 
be called mesoblastic. The primitive germinal cells of the twu 
sexes are not distinguishable ; but a germinal cell by enlarging and 
becoming spherical gives rise to an ovum; and by subdivision forms 
a sperm-morula, from the constituent cells of which the spermatozoa 
are directly developed, 

Cwlenterata. The greatest confusion prevails as to the germinal 
layer from which the male and female products are derived in the 
Calenterata'. 

The following apparent modes of origin of these products have 
been observed. 

(1) ‘The generative produeta of both sexes originate in the ecto- 
derm (epiblast): Hydra, Cordylophora, Tubularia, all (2) free Gono- 
phores of Hydromedusa, the Siphonophora, and probably the Cteno- 
phora. 





1. van Beneden (No. s56) was tho first to discover a different origin for the 
genviative products of the two sexes in Hydructinia, and hix observations have led to 
humerous subsequent researches on the subject. For a summary of the observations 


on the Hydroids rede Weismann (No. s60). 
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(2) The generative products of both sexes originute in the ento- 
derm (hypoblast): Plumularia and Sertularella, amongst the Hydroids, 
and the whole of the Acraspeda and Actinozoa, 

(3) The male cells are formed in the ectoderm, and the female 
in the entoderm : Gonothyrea, Campanularia, Hydractinia, Clava, 

Tn view of the somewhat surprising results to which the re- 
searches on the origin of the genital products amongst the Coslen- 
terata have led, it would seem to be necessary "ithe er hold that 
there is uo definite homology between the germinal | layers ‘in the 
different forms of Coelenterata, or to offer some satisfactory ni 
tion of the behaviour of the genital products, which ‘not 
involve the acceptance of the first alternative. 

Though it can hardly be said such an ion Tenj 
been offered, some observations of bree ae ‘0. $57) 


edly point to such an explanation bei 
leinen berg has dives that, i Bn the ova mi; 







from the inte, 
iven 

fe has further shewn that 
an isolated phenomenon, _ 


fie ioc hden ty oer sf of the 


largely influenced by take ceeon requirements, it seems not impossible 


that the endodermal position of the ive organs in the Actinozoa 
and Medusw may have arisen by a continuously mig 
tion of the generative cells from into the endoderm ; 


poser ee epbtry eather emma pg ese sere tera 
ment, that we should Lites oh in formally holding the generative 
ducts to be endodermal in origi 

We might perhaps, on this oe formulate the origin of —— 
products in the Coelenterata in the following way :— 

ork ose ti AY it ively originated in the ectoderm, but 
in order to secure a more complete nutrition the cells which give rise to 
them exhibit in certain groups a tendency to migrate into the endoderm, 
‘This migration, which may concern the itive cells of one or of both 
the sexes, takes place in some cases after the generative cells have be- 
come recognisable as such, and very probably in other cases at so early a 
period that it is impossible to diedlagulai the generative cells from in- 
bagi aierr nea toa 


ry little is known with reference to the origin of the generative 
calle! a the triploblastic Invertebrata, a 
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Chwtopoda and Gephyrea. In the Cha and G rea, 
the genninal cells are always developed in the adult from conte 
lial ining of the body cavity ; so that their origin from the mesoblast 
seems fairly established, 

If we are justified in holding the body cavity of these forms to be 
a derivative of the primitive archenteron (vide pp. 294 and 295) the 
generative cells may fairly be held to originate from a layer which 
corresponds to the endoderm of the Corlenterata*, 

Chetognatha., In Sagitta the history of the generative cells, 
which was first worked out by Kowalevsky and Biitschli, has been 
recently treated with great detail by O. Hertwig*. 

The generative cells appear during the gastrula stage, as two 
large cells with conspicuous nuclei, which are placed in the Lypo~ 
blast lining the archenteron, at the pole opposite the blastopore 
These cells soon divide, and at the same time pass out of the hypo- 
blast, and enter the archenteric cavity (fig. 408 A, ge). The division 








Fio, 408. Tunae #rscxs 1x THR peveLorMenT oy Sacra. (A and 0 after 
Biéttschli, and B after Kowalovaky.) 
‘The three embryos are ropresented in the same positions, 

A. Represents the gastrula stage. 

B. Represeuts a sucoceding stage, in which the primitive archenteron i& oom- 
mencing to ba divided into three. 

©. Ropresonts a Inter stage, in which the mouth involution (m) hax become eon 
tinuous with tho alimentary tract, and tho blastopore is elosed. 

m. mouth; af. alimentary canal; ae. archenteron; bi.p. blastopore; pr. jeri 
visoeral cavity; «p, splanchnic mesoblast; so. somatic mesoblast; ge, generative 
organs. 


into four cells, which is not satisfactorily represented in my diagram, 
takes place in such a way that two cells are placed nearer the 
median line, and two externally. The two inner cells form the 
eventual testes, and the outer the ovaries, one half of each primitive 
cell thus forming an ovary, and the other a testis, 


1 The Hertwigs (No. 271) state that in their opinion the generative cells arise from 
the lining of the body cavity in all the forms whose body cavity is » product of the 
arehenteron. We do not know anything of the embryonic development of the gene: 
mative organs in the Eehinodermats, but the adult position of the generative organs 
in this group is very unfavourablo to the Hortwiga’ view. 

2 O. Hertwig, Die Cherfognathen. Jena, 1880. 
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When the archenteric cavity is divided into a median alimentary 
tract, and two lateral sections forming the body cavity, the generative 
organs are placed in the common vestibule into which both the body 
cavity and alimentary cavity at first open (fig. 408). 

The generative organs long retain their character as simple cells. 
Eventually (fig. 409) the two ovaries travel forwards, and aay them- 
selves to the body walls, 
while the two testes also 
become separated by a 
backward prolongation of 
the median alimentary 
tract. 

On the formation of 
the transverse septum di- 
viding the tail from the 
body, the ovarian cells lie 
immediately in front of 
this septum, and the testi- 
cular cells in the region 
behind it. 

. Polyzoa, In Pedicel- pio, 409, two vixws oF a Lite wtauro oF 
lina amongst the ente-  gsorrts, A, from the dorsal surface. B, from the 
tous Polyzon,Hatschek side. (After Biitsohli.) “1 coh 
finds that the generative m. mouth; al. alimentary caval; ¥.g- ven! 
organs originate. from a Sanelion (Shickening of opiates. 
pair of specially large me- ire; sp. splanchnopledre; ge. generative organs, 
soblast cells, situated in the 

space between the stomach and the floor of the vestibule, The two 
cells undergo changes, which have an obvious resemblance to those 
of the generative cells of the Chwtognatha. They become surrounded 
by an investment of mesoblast cells, and divide so as to form two 
masses, Each of these masses at a later period separates into an 
anterior and a posterior part. The former becomes the ovary, the 
latter the testis, 

Nematoda. In the Nematoda the generative organs are derived 
from the division of a single cell which would appear to be meso- 
blastic’. 

Insecta. The generative cells have been observed at a very 
early embryonic stage in several insect forms (Vol, 1. p. 844), but the 
observations so far recorded with reference to them do not enuble us 
to determine with certainty from which of the germinal layers they 
are derived, 

Crustacea. In Moina, one of the Cladocera, Grobben* has shewn 
that the generative organs are derived from a single cell, which 























1 Vide Vol. 1, p. 809; also Gitte, Anazeiger, X 
1 ©. Grobben, “Die Botwick, d, Moina rectirostris. 
Wien. Vol. 1. 1879. 


0, j 189. 
Arkeit. a. d. root. Inatit. 
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by some of the indifferent epithelial cells. Here they increase in 
number, and give rise to masses of variable form, composed partly 
of true germinal cells, and partly of smaller cells with deeply staining 
nuclei, which are, I believe, derived from the germinal epithelium. 





Fro, 411, Thaxsvenag SECTION THROUGH THE OVARY OF & YOUNG EMBRYO OF 
ScTLIUM CAXICULA, TO SHEW THE PRIMITIVE GERMINAL CELLS (po) LYING IN THE 
ORUMINAL RPCTHELIUM ON THE OUTER BIDE OP THE OVARIAN nIDOR, 


These masses next break up into ampulle, mainly formed of 
germinal cells, and each provided with a central lumen; and these 
ampulla attach themselves to tubes derived from the smaller cells, 
which are in their turn continuous with the testicular network. The 
spermatozoa are developed from the cells forming the walls of the 
primitive ampullw ; but the process of their formation does not con- 
cern us in this chapter. 

In the Reptilia Braun has traced the passage of the primitive 
germinal cells into the testicular tubes, and I am able to confirm his 
observations on this point: he has not however traced their further 
history. 

TH Mammalia the evidence of the origin of the spermatospores 
from the germinal epithelium is not quite complete, but there can be 
but little doubt of its occurrence’. 

In Amphioxus Langerhans has shewn that the ova and sperma- 
tozoa are derived from similar germinal cells, which may be com- 
pow to the germinal epithelium of the Vertebrata, These cells are 
however segmentally arranged as separate masses (vide Vol. 1. 
p. 43). 


BrB.roGRapuy. 


(554) G- Balbiani, Lecons s, la génération des Vertébrés. Paris, 1879. 
(sss) F. M. Balfour, “On the structure and development af the Vertebrate 
ovary.” Quart. J. of Micr, Science, Vol, xvitt. 


1 An entirely different view of the origin of the sporm celix has been adopted 
Balbiant, for stich the reader la vefcred te his Masnole (No. 554): i 
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A better established and more frequent mode of exit of the gene- 
rative products when dehisced into the body cavity is by means 
of the excretory organs, The generative products pass from the body 
cavity into the open peritoneal funnels of such organs, and thence 
through their ducts to the exterior. This mode of exit of the genera- 
tive products is characteristic of the Chwtopoda, the Gephyrea, the 
Brachiopoda and the Vertebrata, and probably also of the Mol- 
lusca. It is moreover quite possible that it occurs in the Polyzoa, 
some of the Arthropoda, the Platyelminthes and some other types. 

The simple segmental excretory organs of the Polychwxta, the 
Gephyrea and the Brachiopoda serve as generative canals, and in 
many instances they exhibit no modification, or but a ver: slight one, 
in connection with their secondary generative function; while in other 
instances, eg. Bonellia, such modification is very considerable. 

The generative ducts of the Oligocheta are probably derived from 
excretory organs, In the Terricola ordinary excretory organs are present 
in the generative segments in addition to the generative ducts, while in the 
Limicola generative ducts alone are present in the adult, but before their 
development excretory organs of the usual type are found, which undergo 
atrophy on the appearance of the generative ducts (Vedjovsky). 

From the analogy of the splitting of the segmental duct of the Vertebrata 
into the Millerian and Wolffian ducts, as a result of a combined generative 
and excretory function (vide p. 600), it seems probable that in the genera- 
tive segments of the Oligocheta the excretory organs had at first both an 
excretory and a generative function, and that, as a secondary result of 
this double function, each of them has become split into two parts, a 
generative and an excretory. The generative part has undergone in all 
forms great modifications. ‘The exeretory parts remain unmodified in the 
Earthworms (Terricola), but completely abort on the development of the 
generative duets in the Timicola, An explanation may probably be given 
of the peculiar arrangements of the generative ducts in Saccocirrus amongst 
the Polycheta (vide Marion and Bobretzky), analogous to that just offered 
for the Oligocheta, 

The very interesting modifications produced in the excretory 
organs of the Vertebrata E theirserving as generative ducts were fully 
described in the last chapter; and with reference to this part of our 
subject it is only necessary to call attention to the case of Lepidosteus 
and the Teleostei. 

In Lepidosteus the Miillerian duct appears to have become at- 
tached to the generative organs, so that the generative products, 
instead of falling directly into the body cavity and thence entering 
the open end ofa peritoneal funnel of the excretory organs, pass 
directly into the Miillerian duct without entering the body cavity. In 
most Teleostei the modification is more complete, in that the generative 
ducts in the adult have no ubvious connection with the excretory organs. 

The transportation of the male products to the exterior in all the 
higher Vertebrata, without passing into the body cavity, is in principle 
similar to the arrangement in Lepidosteus. 

‘The above instances of the peritoneal funnels of an excretory 
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organ becoming continuous with the generative glands, render it 
highly probable that there may be similar instances amongst the 
Invertebrata. 

As has been already pointed out by Gegenbaur there are mauy 
features in the structure of the genital ducts in the more primitive 
Mollusca, which point to their having been derived from the excretory 
organs. In several Lamellibranchiata' (Spondylus, Lima, Pecten) the 
generative ducts open into the excretory organs (organ of Bojanus), 
so that the generative products have to through the excretory 
organ on their way to the exterior. In other Lamellibranchiata the 
genital and excretory organs open on a common papilla, and in the 
remaining types they are placed close together. 

In the Cephalopoda again the peculiar relations of the generative 
organs to their ducts point to the latter having primitively had a dif- 
ferent, probably an excretory, function, The glands are not continuous 
with the ducts, but are placed in special capsules from which the ducts 
proceed. The genital products are dehisced into these capsules and 
thence pass into the ducts. 

In the Gasteropoda the genital gland is directly continuous with 
its duct, and the latter, especially in the Pulmonata and Opistho- 
branchiata, assumes such a complicated form that its origin from the 
excretory organ would hardly have been suspected. ‘Ihe fact how- 
ever that its opening is placed near that of the excretory orgau points 
to its being homologous with the generative ducts of the more 
primitive types. 

In the Discophora, where the generative ducts are continuous with 
the glands, the structure both of the generative glands and ducts point» 
to the latter having originated from excretory organs. 

It seems, as already mentioned, very possible that there are other 
types in which the generative ducts are derived from the excretory 
organs. In the Arthropoda fur instance the generative ducts, where 
provided with anterioriy placed openings, as in the Crustacea, Arach- 
nida and the Chilognathous Myriapoda, the Pacilopoda, ete., may 
possibly be of this nature, but the data for deciding this point are 
so scanty that it is not at present possible to do more than frame 
conjectures. 

The ontogeny of the generative ducts of the Nematoda and the 
Insecta appears to point to their having originated independently of 
the exeretory organs. 

Tn the Nematoda the generative organs of both sexes originate 
from a single cell ‘Schneider, Vol. 1. No. 390). 

This cell elongates and its nuclei multiply. After assuming a 
somewhat columnar form, it divides into (1) a superficial investing 
layer, and :2, an axial portion, 

In the female the superficial layer is only developed distinetly in 














1 For a summa 
Thierreichs, Vol. 1 









¢ of the facts on thin subject ride Bronn, Klassen u, Ordnungen d. 
p. 404, 
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the median part of the column. In the course of the further 
development the two ends of the column become the blind ends of 
the ovary, and the axial tissue they contain forms the germinal tissue 
of nucleated protoplasm. The superficial layer gives rise to the 
epithelium of the uterus and oviduct. The germinal tissue, which is 
originally continuous, is interrupted in the middle part (where the 
superficial layer gives rise to the uterus and oviduct), and is confined 
to the two blind extremities of the tube. 2 

In the male the superficial layer, which gives rise to the epi- 
thelium of the vas deferens, is only formed at the hinder end of the 
original column. In other respects the development takes place as 
in the female. 

In the Insecta again the evidence, though somewhat conflicting, 
indicates that the generative ducts arise very much as in Nematodes, 
from the same primitive mass as the generative organs. In both of 
these types it would seem probable that the generative organs were 
primitively placed in the body cavity, and attached to the epidermis, 
through a pore in which their products passed out; and that, acquiring 
a tubular form, the peripheral part of the gland gave rise to a duct, the 
remainder constituting the true generative gland. It is quite possible 
that the generative ducts of such forms as the Platyelminthes may 
have had a similar origin to those in Insecta and Nematoda, but from 
the analogy of the Mollusca there is nearly as much to be said for 
regarding them as modified excretory organs. 

Jn the Echinodermata nothing is unfortunately known as to the 
ontogeny of the generative organs and ducts. ‘he structure of these 
organs in the adult would however seem to indicate that the most primi- 
tive type of echinoderm generative organ consists of a blind sack, 
projecting into the body cavity, and opening by a pore to the exterior. 

he sack is lined by an epithelium, continuous with the epidermis, the 
cells of which give rise to the ova or spermatozoa. The duct of these 
organs is obviously hardly differentiated from the gland; and the 
whole structure might easily be derived from the type of generative 
organ characteristic of the Hydromedusa, where the generative cells 
are developed from special areas of the ectoderm, and, when sipe, pass 
directly into the surrounding medium. 

If this suggestion is correct we may suppose that the genera- 
tive ducts of the Echinodermata have a different origin to those of the 
najority oft the remaining triploblastica 

Their ducts have been evolved in forms in which the generative 
products continued to be liberated directly to the exterior, as in the 
Hydromedusa:; while those of other types have been evolved in forms 
in which the generative products were first transported, as in the 
Actinozoa, into the gastrovascular canals’. 

3 It would be interesting to have farther information about Balanoglossus. 


2 These views fit in very well with those already put forward in Chapter x11. ou 
the affinities of the Echinodermata, 


CHAPTER XXV. 


THE ALIMENTARY CANAL AND ITS APPENDAGES, 
IN THE CHORDATA. 


THE alimentary canal in the Chordata is always formed of three 
sections, analogous to those so universally present in the Inverte- 
brata. These sections are (1) the mesenteron lined by hypoblast; 
(2) the stomodaum or mouth lined by epiblast, and (3) the procto- 
dum or anal section lined like the stomods:um by epiblast. 


Mesenteron. 


The early development of the epithelial wall of the mesenteron 
has already been described (Chapter It forms at first a simple 
hypoblastie tube extending from near the front end of the body, 
where it terminates blindly, to the hinder extremity where it is 
united with the neural tube by the neurenteric canal (fig, £20, ne). 
It often remains for a long time widely open in the middie towards 
the yolk-sack. 

Tt has already been shewn that from the dorsal wall of the 
mesenteron the notochord is separated off nearly at the same time 
as the lateral plates of mesoblast (pp. 243—249). 

The subnotochordal rod. At a period slightly subsequent to the 
formation of the notochord, and before any important ditferentiations 
in the mesenteron have become apparent, a remarkable rod-like 
Dody, which was first discovered by Gotte, becomes split off from the 

sal wall of the alimentary tract in all the Ichthyopsida, ‘This 
body, which has a purely provisional existence, is known as the sub- 
notochordal red. 

It develops in Elasmobranch embryos in two sections, one situated in 
the head, and the other in the trunk. 

The section in the trunk is the first to appear, The wall of the 
alimentary canal becomes thickened along the median dorsal line (fig. 
412, x), or else produced into a ridge into which there penetrates # narrow 
prolongation of the lumen of the alimentary canal. In either case the 
cells at the extreme summit: become gradually constricted off as a rod, 
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which lies immediately dorsal to the alimentary tract, and ventral to the 
notochord (fg. 413, 2). 

In the hindermost. wt of the body its mode of formation differs some- 
what from that above aacrinass In this part the alimentary wall is very 
thick, and undergoes no special growth prior to the formation of the sub- 
notochordal rod; on the contrary, a small linear of the wall 
becomes scooped out along the median dorsal line, and eventually separates 
from the remainder ag the rod in question. In the trank the srlitang off 
of the rod takes place from before backwards, so that the anterior part of 
it is formed before the posterior. 


as 





Fro, 412, Taansveusx sxction 


THNOvGH Tite TAIT, REGION oY A Prugri 
‘UNUS EMNRYO OF THE 8AMK AOE AB FIG. 


Fro. 413. Tuassvensn smc- 
‘TION THMOUOM TIE TRONK OF AN 
EMBRYO SLONTLY OLDER THAN 
r10, 28. E, 


ne. neoral Su we 


n of splanchnis 
ge ie 7’ i 

sinccebgaies Caeeenenoel tion of muscle-plate converted 

growth of the dorsal wall of the ali- the 

mentary tract; al. alimentary tract. 











‘The section of the subnotochordal rod in the head would appear to 
develop in the same way as that in the trunk, and the splitting off from 
the throat proceeds from before backwards. 
On the formation of the dorsal aorta, the subnotechordal rod becomes 
parated from the wall of the gut and the aorta interposed between the 
tro (ie 367, «). 

hen the subnotochordal rud attains its, fullest. development it ter. 
minates anteriorly some way in front of the auditory vesicle, though a 
little behind the amd of the notochord ; posteriorly it extends ery may 
to the extremity of the tail and ts almost co-extensive with the postanal 
section of the alimentary tract, though it does not reach back as 
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more advanced in fig. 119, M. It is covered on either side by a layer 
of flat cells, which form part of the general peritoneal epithelioid 
lining, while its interior is composed of indifferent tissue. 

The primitive simplicity in the arrangement of the mesentery is 
usually afterwards replaced by a more complicated disposition, owing 
to the subsequent elongation and consequent convolution of the 
intestine and stomach. 

The layer of peritoneal epithelium on the ventral side of the 
stomach is continued over the liver, and after embracing the liver, 
becomes attached to the ventral abdominal wall (fig. 380). Thus in 
the region of the liver the body cavity is divided into two halves by 
a membrane, the two sides of which are covered by the peritoneal 
epithelium, and which encloses the stomach dorsally and the liver 
ventrally. The part of the membrane between the stomach and 
liver is narrow, and constitutes a kind of mesentery suspending the 
liver from the stomach: it is known to human anatomists as the 
lesser omentum. 

The part of the membrane connecting the liver with the anterior 
abdominal wall constitutes the falciform or suspensory liga- 
ment of the liver. It arises by a secondary fusion, and is not a 
remnant of a primitive ventral mesentery (vide pp, 513 and 514). 

The mesentery of the stomach, or mesogastrium, enlarges in Mam- 
malia to form a peculiar sack known as the greater omentum. 


‘The mesenteron exhibits very early a trifold division. An 
anterior portion, extending as far as the stomach, becomes separated 
off as the respiratory division. On the formation of the anal 
invagination the portion of the mesenteron behind the anus becomes 
marked off as the postanal division, and between the postanal 
section and the respiratory division is a middle portion forming an 
intestinal and cloacal division. 


The respiratory division of the mesenteron. 

This section of the alimentary canal is distinguished by the fact 
that its walls send out a series of paired diverticula, which meet 
the skin, and after a perforation bas been effected at the regions of 
contact, form the branchial or visceral clefts. 

In Amphioxus the respiratory region extends close up to the 
opening of the hepatic diverticulum, and therefore to a position 
corresponding with the commencement of the intestine in higher 
types. In the craniate Vertebrata the number of visceral clefts 
has become reduced, but from the extension of the visceral clefts in 
Amphioxus, combined with the fact that in the higher Vertebrata the 
vagus nerve, which is essentially the nerve of the branchial pouches, 
supplies in addition the walls of the esophagus and stomach, it may 
reasonably be concluded, as has been pointed out by Gegenbaur, that 
the true respiratory region primitively included the region which in 
the higher types forms the esophagus and stomach. 
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organ secreting mucus, As was first pointed out by W. Miiller there 
is present in Amphioxus a very similar and probably homologous 
organ, known as the hypopharyngeal groove, 

Tn the dugber Vertebrata this organ never retains its primitive 
condition in the adul€ state. In the larva of Petromyzon there is, 
however, present a ventral groove-like diverticulum of the throat, 
extending from about the second to the fourth visceral cleft. This 
organ is shewn in longitudinal section in fig. +14, h, and in transverse 
section in fig. 415, and has been identified by W. Miiller (Nos. 565 
and 566) with the hypopharyngeal 
peor of Amphioxus and Ascidians. 


A a ce 

t does not, however, long retain its 
primitive condition, but its open- 
ing becomes gradually reduced to a 
re, placed between the third and 
fourth of the permanent clefts (fig. 
416, th). This opening is retained 
throughout the nike psth condi- 


tion, but the organ becomes highly Fro. 413. Disgnawmario TRaxs- 
complicated, with paired anterior YEMEsternezmanon 7s arc 
sod pores ior horns and a median yoy, (Prom Gegunbanr; after Calberla.) 
spiral portion. In the adult the d. branchial region of throat. 
connection with the pharynx is ob- 
literated, and the organ is partly absorbed and partly divided up into 
a series of glandular follicles, and eventually forms the thyroid body. 
From the consideration of the above facts W. Miiller was led to 
the conclusion that the thyroid body of the Craniata was derived from 


the endostyle or hypopharyngeal groove. In all the higher Vi rata, 








Fig. 416, DixcmaMatic VRRTICAL SECTION TITROUON THE KAD OF A LARVA OF 
Prrromyz0%. 

‘The larva bad been hatched three days, and was 48mm. in length, Tho optic and 
auditory vesicles are sup to be seen through the tissues. The letter te 
to the base of the velum is where Scott believes the hyomandibular cleft to be 

¢.h. cerebral hemisphere ; th. optic thalamus; in, infundibalum; pn. pineal H 
mi, mid-bralng eb. seetatinsy md. medulla oblongatsy av.r, suits eae 

ic voxicle; of. olfactory pit; m. month; bre. branchial os; th. i 
juene vo. ventral sorte; ht, ventricle of heart; eh. eae 
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the thyroid body arises as a diverticulum of the ventral wall of the 
throat in the region either of the mandibular or hyoid arches (fig. 
417, Th), which after being segmented off becomes divided up into 


follicles. 

In Elusmobranch embryos it appears fairly early as a diverticulum 
from the ventral surface of the throat in the region of the mandibular arch, 
extending from the border of the mouth to the point where the ventral aorta 
divides into the two aortic branches of the mandibular arch (fig. 417, 7A). 
Somewhat later it becomes in Scyllium and Torpedo solid, though still 
retaining its attachment to the wall of the esophagus. It continues to 
grow in length, and becomes divided up into a number of solid branched 
lobules separated by connective tissue septa, Eventually its connection 
with the throat becomes lost, and the lobules develop a lumen. In Acan- 
thias the lumen of the gland is retuined (W. Miiller) till after its detach- 
ment from the throat. It preserves its embryonic position through life. 
In Amphibia it originates, ax in Elasmobranchii, from the region of the 
mandibular arch ; but when first visiblo it forms a double epithelial wall 
connecting the throat with the nervous layer of the epidermis, It sub- 
sequently becomes detached from the epidermis, and then has the urual 
form of a diverticulum from the throat. In most Amphibians it becomes 
divided into two lobes, and so forms a paired body. The peculiar connec- 
tion between the thyroid diverticulum and the epidermis in Amphibia 
has been noted by Gitte in Bombinator, and by Scott and Osborn iu 
Triton. It is not very eaxy to see what meaning this connection can have. 

In the Fowl (W. Miller) the thyroid body arises at the end of the second 
or beginning of the third day ax an outgrowth from the hypoblast of the 
throat, opposite the point of origin of the anterior arterial arch. This 
outgrowth becomes by the fourth day a solid mass of cells, and by the 
fifth ceases to be connected with the epithelium of the throat, becoming at 
the same time bilobed. By the seventh day it has travelled somewhat 
Tackwards, aud the two lobes have completely separated from each other, 
By the ninth day the whole ix invested by a capsule of connective tissue. 
which sends in septa dividing it into a number of lobes or solid masses of 
cells, and by the sixteenth duy it isa paired body composed of a number 
of hollow branched follicles, each with a ‘membrana propria,’ and sepa- 
rated from each other by septa of connective tissue. It finally travels back 
to the point of origin of the carotids. 

Amongst Maminalia the thyroid arises in the Rabbit (Killiker) and 
Man (His) as a hollow diverticulum of the throat at the bifurcation of the 
foremost pair of aortic arches, It soon however becomes solid, and is 
eventually detached from the throat and comes to lie on the ventral side 
of the lirynx or windpipe. ‘The changes it undergoes are in the main 
similar to those in the lower Vertebrata. It becomes partially constricted 
into two lobes, which remain however united by an isthmus’, The fact 























1 Wottler Ne. g71) states that in the Pig and Calf the thyroid body ix formed as 
& pair of epithelial’ vesicles, which are developed as outgrowths of the walls of the 
first puir of visceral clefts. He attempts to explain the contradictory observations of 
other embryolozist- by supposing that they have mistaken the ventral ends of visceral 
pouches for an unpaind ontyrewth of the throat. 
in the Pig and Sheep the thyroid arises aaa paired 
of visceral clefts, at & much later period than w 



















Appear from the observations of 
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that the thyroid sometimes arises in the region of the first and sometimes 
in that of the second cleft is probably to be explained by its rudimentary 
character, 

The Thymus gland. ‘he thymus gland may conveniently bo dealt 
with here, although its origin ia nearly as obscure as ifs function, Tt has 
wually been held to be connected with the lymphatic system. Kélliker 
was the first to shew that this view was probably erroneous, and he 
attempted to prove that it was derived in the Rabbit from the walls of 
one of the visceral clefts, mainly on the 
ground of its presenting in the embryo an 
epithelial character, vy 

Stieda (No. 569) has recently verified 
Klliker’s statements, He finds that in the 
Pig and the Sheep the thymus arises as a 
paired outgrowth from the epithelial rem- 
nants of a pair of visceral clefts. Its two 
lobes may at first be either hollow (Sheep! 
or solid (Pig), but eventually become sole 
und unite in the median line. Stieda and 
His hold that in the adult gland, the so- 
called corpuscles of Ha-sall are the remnants: 
of the embryonic epithelial part of the gland, 
and that the lymphatic part of it is of 
mesublastic origin; but Kolliker believes or 
the lymphatic cells to be direct products 
of the embryonic epithelial cells, Pio, 417. Sorrow tHnover 

The posterior visceral clefts in the course FRE M&ap or ax Exaswonnaxcit 
of their atrophy give rise to eee a Tes nein ea 
or less conspicuous bodies a ado- dis 4 
glandular fanaa which have been chiefly pee =e pos ene 
studied by Remak', of auditory nervo; ix, roof of 

B y fourth ventricle; a.c.v. anterior 

Swimming bladder and lungs. A cantinal win; aa. aorta; Lax. 
swimming bladder is present in all Ga-  sertio trunk of mandibular arch; 
noids and in the vast majority of Tele Ts". imentary poneh 
ostei, Its development however is only ilies a first visceral ae 
imperfectly known. 

Tn the Salmon and Carp it arises, as was first shewn by Von Baer, 
as an outgrowth of the nmap | tract, shortly in front of the liver. 
In these forms it is at first placed on the dorsal side and slightly to 
the right, and grows backwards on the dorsal side of the gut, between 
the two folds of the mesentery. 

The absence of a pneumatic duct in the Physoclisti would appear 
to be due to a post-larval atrophy. 





oP 


His and Kalliker. Tn view of the comparative oe Pega organ it is difficult 
to accopt either Wolfler’s or Sticda’s nccount. Wolfler's attempt to expluin the sup. 
poued errors of hia predecemors is certainly not eapable of bing applied in the case of 
Elasmobranclt Fishes, or of Petromyzon ; and Iam inclined to that the method 
of investigation by transverse sections, which has been usually employed, is less Hable 
to error than that by longitudinal sections which he has adopted. 

1 For details on those organs vide Kolliker, Kntwicklungagerehichte, p. 881. 
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In Lepidosteus the air-bladder appears to arise, asin the Teleostei, 
as an invagination of the dorsal wall of the esophagus. 

In advanced embryos of Galeus, Mustelus and Acanthias, Miklucho- 
Maclay detected a small diverticulum opening on the dorsal side of the 
esophagus, which he regards as a rudiment of a swimming bladder. This 
interpretation must however be regarded as somewhat doubtful. 

The lungs. The lungs originate in a nearly identical way in all 
the Vertebrate forms in which their development has been observed. 
They are essentially buds or processes of the ventral wall of the 
primitive esophagus. 

At a point immediately behind the region of the visceral clefts 
the cavity of the alimentary canal becomes compressed laterally, and 
at the same time constricted in the middle, so that its transverse 
section (fig. 418 1) is somewhat hourglass-shaped, and shews an upper 
or dorsal chamber d, joining on to a lower or ventral chamber J by a 
short narrow neck. 

The hinder end of the lower 
tube enlarges (fig. 4183), and then 
becomes partially divided into two 
lobes (fig. 418s). All these parts 
at first freely communicate, but 
the two lobes, partly by their 
own growth, and partly by a pro- 
cexs of constriction, soon become 
isolated posteriorly ; while in front 
they open into the lower chamber 
of the wsophagus (fig. 422). 

By a continuation forwards of 
the process of constriction the lower 
chamber of the cesophagus, carry- 
ing with it the two lobes above 
mentioned, becomesgradually trans- 
formed into an independent tube, 
opening in front by a narrow slit- 
like aperture into the wsophagus. 
The single tube in front is the 
rudiment of the trachea and larynx, 
while the two diverticula behind 





Fro. 418, Four pracraue 1Lucstna- 
TING THE FORMATION of THE Luxos. 
(After Gotte.) 

a, mesoblast; 4. hypoblast; d. cavity 
of digestive canal; /. cavity of the pul- 
monary diverticulum. 

In (1) the digestive canal has com- 
menced to be constricted into an upper 
and lower canal; the former the true 

al 








become (fig. 419, lg) the bronchial 
tubes and lungs. 
While the above changes are 








taking place in the hypoblastic 
walls of the alimentary tract, the 






splanchnic mesoblast. surrounding 
these structures becomes very much 
thickened ; but otherwise bears no. 
of the internal changes 
th are going on, so that the 











od 
a 


with each other in the centre. 

In (2) the lower (pulmonary) tube haa 
become expanded. 

In (3) the expanded portion of the 
tube has become constricted into two 
tubes, still communicating with each 
other and with the digestive canal. 

In (4) these are completely separated 
from cach other and from the digestive 
canal, and the mesoblast hax also begun 
to exhibit externally changes corre- 
sponding to the internal chauges which 
have been going on, 








ALIMENTARY CANAL. 629 


above formation of the lungs and trachea cannot be seen from the 
surface. As the paired diverticula of the Iungs grow backwards, the 
mesoblast acein them takes however the fern of two lobes, into 
which they gradually bore their way. 

‘There do not seem to be any essential differences in the mode of 
formation of the above structures in the 
types so far observed, viz, Amphibia, 
Aves and Mammalia, Writers differ as. 
to whether the lungs first arise as paired 
diverticula, or as a single diverticulum ; 
and as to whether the rudiments of the 
lungs are established before those of the 
t = If the ype earch! correct 
it would appear that an; ese posi- 
tions naight be thatatarne Fayldpen: 
tically interpreted the ontogeny of the 
lungs appears however to imply that this 
organ was first an unpaired structure and 
has become secondarily paired, and that 
the trachea was relatively lute in ap- 
pearing. 

The further development of the 
lungs is at first, in the higher tyy 
at any rate, essentially similar to 
of a racemose gland, From each  ,,,,4i0. 419. Secriox xunovont rane 

rimitive diverticulam numerous Lacs Munanas oF 900. To satmw 
ranches are given off. In Aves and 8 ND GY a 
Mammalia (fig. 355) they are mainl: : 
confined Mss Aaa and lateral a See ore Hee tl 
parts, These branches penetrate into liver; pp. body cavity; md. open 
the surrounding mesoblast aud en end ot Kaien Sates =4 
tinue to give rise to secondar: u; ch. notochord ; me. medullary 
tertiars lection In the siesstdaad petpheks im 
around them numerous capillaries 
make their appearance, and the further growth of the bronchial 
tubes is supposed by Boll to be due to the mutual interaction of the 
hitherto passive mesoblast and of the hypoblast. 


The further changes in the langs vary somewhat in the different forms, 

The air sacks are the most characteristic structures of the avian lung, 
‘They are essontially the dilated ends of the primitive diverticula or of their 
main branches. 

In Mammalia (Kélliker, No. 298) the ends of the bronchial tubes 
become dilated into vesicles, which sey be called the peleary air-colls, 
At first, owing to their development at the ends of the bronchial branches, 
these are confined to the surface of the lungs. At # later period the 
primary aircells divide each into two or three parts, and give rise to 
secondary air-cells, while at the same time the smallest bronchial tubes, 
which continue all the while to divide, give rise at all points to fresh air- 
cells. Finully the bronchial tubes cease to become more branched, and the 
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air-cells belonging to each minute lobe come in their further growth to 
open into a common chamber. Before the lungs assume their function 
the embryonic air-cells undergo a considerable dilatation. 

The trachea and larynx. The development of the trachea and 
larynx does not require any detailed description. The larynx is formed as 
a simple dilatation of the trachea. The cartilaginous structures of the 
lurynx are of the same nature as those of the trachea. 


It follows from the above account that the whole pulmonary 
structure is the result of the growth by budding of a system of 
branched hypoblastic tubes in the midst of a mass of mesoblastic 
tissue. the hypoblastic elements giving rise to the epithelium of the 
tubes, and the mesoblast providing the elastic, muscular, cartila- 
ginous, vascular, and other connective tissues of the tracheal and 
bronchial walls. 

There can be no doubt that the lungs and asir-bladder are homo- 
logous structures, and the very interesting memoir of Eisig on the 
air-bladder of the Chetopoda' shews it to be highly probable that 
they are the divergent modifications of a primitive organ, which 
served as a reservoir for gas secreted in the alimentary tract, the gas 
in question being probably employed for respiration when, for any 
reason, ordinary respiration by the gills was insufficient. 

Such an organ might easily become cither purely respiratory, 
receiving its air from the exterior, and so form a true lung; or mainly 
hydrostatic, forming an air-bladder, as in Ganoidei and Telcostei. 

It is probable that in the Elasmobranchii the air-bladder has 
become aborted, and the organ discovered by Micklucho-Maclay may 
perhaps be a last remnant of it. 

The middle division of the mesenteron. ‘I'he middle di 
the mesenteron, forming the intestinal and cloacal re 
a straight tube, the intestinal region of which in most Vertebrate 
embryos is open below to the yolk-sack. 

Cloaca. In the Elasmobranchii, the embryos of which probably 
ery primitive condition of the mesenteron, this region is not 
at first sharply separated from the postanal section behind, Opposite 
the point where the anus will eventually appear a dilatation of the 
nteron arises, which comes in contact with the external skin 
E, an), This dilatation becomes the hypoblastic section of 
1. Itcommmnieates behind with the postanal gut (fig. 424), 
aud in front with the intestine; and may be defined as the dilated 
portion of the alimentary tract which receives the genital and urinary 
ducts and upens externally by the prurtudaum. 

In Acip and Amphibia the cl region is indicated as a 
ventral diverticulum of the mesenteron even before the closure of 
the blastopore, It is shewn in the Amphibia at an early stage in 
fig. 73, and ata later period, when in contact with the skin at the 
point where the anal invagination is about te appear, in fig. 420. 
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TAL Eisig, * Ueb. d. Vorkommen eines schwimmblacenalinlichen Organs bei Anne- 
lider,” Mitthetl. a. d. zool. Staten z. Neapel, Vol. 1, 1X41, 
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In the Sauropsida and Mammalia the cloaca appears as a dila- 
tation of the mesen- 
A which receives 
the opening of the 
allantois sian as 
soon as the posterior 
part of the tesente- 
ron is established. 

The eventual 
changes which it un- 
dergoes have been 
already dealt with in 
connection with the 
uenog sastel ‘ooranN 430, Losarrounear sicriox rimovan Ax 4B: 

Intestine. The (ie Bouncraron., (After GOtte,) 
region in front of the jm, mouths an. anus; L. liver; me. nourenterie 
cloaca forms the in- canal; me. medullary canal; eh. notochord; pn. pineal 
testine. In certain snd. 

Vertebrata it nearly 
retains its primitive character as a straight tube; and in these ty, 
its anterior part is characterised by the presence of « peculiar fold, 
which in a highly specialised condition is known as the spiral valve. 
This structure appears in its eae form in Ammocates. It there 
consists of a fold in the wall of the intestine, giving to the lumen 
of oe canal a semilunar form in section, and taking a half 
spiral. 

Tn Elasmobranchii a similar fold to that in Ammocostes first 
makes its appearance in the embryo. This fold is from the first 
not quite straight, but winds in a long spiral round the intestine. 
In the course of development it becomes converted into a strong 
ridge projecting into the lumen of the intestine (fig. 385, 1), The 
spiral it makes becomes much closer, and it thus acquires the form 
of the adult spiral valve. A spiral valve is also found in Chimzera and 
Ganoids. No rudiment of such an organ is found in the Teleostei, 
the Amphibia, or the higher Vertebrata. 

The presence of this liar organ appears to he a very primitive 
Vertebrate character. e intestine of Ascidians exhibits exactly the 
same peculiarity as that of Ammocattes, and we may probably con- 
clude from embryology that the ancestral Chordata were provided 
with a straight intestine having a fold projecting into its lumen, to 
increase the area of the intestinal epithelium. 

Tn all forms in which there is not a spiral valve, with the excep- 
tion of a few Teleostei, the intestine becomes considerably longer 
than the cavity which contains it, and therefore necessarily more or 
less canvas 

The posterior part usually becomes considerably enlarged to form 
the rectum or in Mammalia the large intestine. 

In Elasmobranchii there is a peculiar gland opening into the 
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It is still doubtful whether the hepatic cylinders are as a rule 
hollow or solid. In Elismobrauchii they are at first provided with a 
large lumen, which though it becomes ually swaller never entirely 
vanishes. The same seems to hold for Amphibia and some Mam- 
malis. In Aves the Immen of the cylinders is, even from the first 
much more difficult to see, and the cylinders are stated by Remak to be 
solid, and he has been followed in this matter by Kélliker, In the Rabbit 
ulso Killiker finds the cylinders to be solid. 


The embryonic hepatic retblabdl ahead tise to the parenchyma of the 
adult liver, with which in its gene: 

arrangement it closely 
blood-channels are at first very lange, 
and have a very irregular arrange- 
ment; and it is not till com 
tively late that the hepatic lobules 
with their characteristic vascular 
structures become established. 

The biliary ducts are formed 
either from some of the primitive 
hepatic cylinders, or, as would seem 
to be the case in Elasmobranchii 
and Birds (tig. 422), from the larger 
diverticula of the two primitive out- 

wths. Fro. 422. Disonam ow 1 

‘The gall-bladder is so inconstant, Tovar’ nex. After Galt 
and the arrangement of the ducts ‘Tho black line indicates the hypo- 
Sparing into the intestine so varia- blast. The shaded around it is 
ble, that no general statements can the Sets 
be made about them. In Elasmo- 7. lunes *t stomach; p. pancreas; 
branchii the primitive median di- 
verticulum (fig. 421) gives rise to the ductus choledochus, Its 
anterior end dilates to form a gall-bladder, 

In the Rabbit a ductus choledochus is formed by a diverticulum 
from the intestine at the point of insertion of the two primitive 
ee The gall-bladder arises as a diverticulum of the right primitive 
0 





The liver is relatively very large during ieee life and has, 
no doubt, important functions in connection with the circulation, 

The So far as is known the develo) tof the pan 
creas takes place on a very constant type throu, it the series of 
craniate Vertebrata, though absent in some of the Teleostean fishes 
and Cyclostomata, and very much reduced in most Teleostei and in 
Petromyzon. 

Tt arises nearly at the samé time as the liver in the form of a 
hollow outgrowth from the dorsal side of the intestine nearly oppo- 
site but slightly behind the hepatic outgrowth (fig. 422, p). It soon 
assumes, in Elasmobranchii and Mammalia, somewhat the form of 
an inverted funnel, and from the expanded dorsal part of the funnel 
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there grow out numerous hollow diverticula into the passive splanch- 
nic mesoblast. 

As the ductules grow longer and become branched, vascular pru- 
cesses grow in between them, and the whole forms a compact glan- 
dular body in the mesentery on the dorsal side of the alimentary 
tract. The funnel-shaped receptacle loses its original form, and elon- 
gating, assumes the character of a duct. 

From the above mode of development it is clear that the glan- 
dular cells of the pancreas are derived from the hypoblast. 

Into the origin of the varying arrangements of the pancreatic 
ducts it is not possible to enter in detail. In some cases, e.g. the 
Rabbit (Kdlliker), the two lubes and ducts arise from a division of 
the primitive gland and duct. Jn other cases, eg. the Bird, a 
second diverticulum springs from the alimentary tract, In a large 
number of instances the primitive condition with a single duct is 
retained, 

Postanal section of the mesenteron. In the embryos of all the 
Chordata there is a section of the mesenteron placed behind the 
anus. This section invariably atrophies at a comparatively early 
period of embryonic life; but it is much better developed in the 
lower forms than in the higher. At its posterior extremity it is pri- 
mitively continuous with the neural tube (fig. 420), as was first shewn 
by Kowalevsky. 

The canal connecting the neural and alimentary canals has 
alrealy been described as the neurenteric canal, and represents the 
remains of the blastopor 











In the Tunicuta the section of the mesenteron, which in ull probability 
corresponds to the postanal gut of the 
Vertebrata, is that in ely following 
the dilated portion which gives rise to the 
and permanent intestine, 
been shewn that from the 
portions of this section 
of the primitive alimentary tract the ng 
chord and muscles of the Ascidian tadpel 
are derived, The remain part of its 
walls forms a solid cord of cells (fig. 42 
, or, according 
ves rise to blood-ves 
the postanal gut, tho 
ped, is not very 
y early f 

section of the 
ry well developed, 
nil persists for a considerable period of 
embryonic lite, ‘The following is a history of its development in the genus 
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y after the stage when the anus has become marked out by the 


alimentary tract sending down a papilliform prccess towards the skin, the 
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postanal gut begins to develop a terminal dilatation or vesicle, connected 
with the remainder of the caval by a narrower stalk. 

The walls both of the vesicle und stalk are formed of a fairly columnar 
epithelium. The vesicle communicates in front by a narrow passage with 
the neural canal, and behind is continued into two horns corresponding 
with the two caudal swellings previously spoken of (p. 45). Where the 
canal is continued into these two horns, its walls lose their distinctness 
of outline, and become continuons with the adjacent mesoblast. 

In the succeeding stages, as the tail grows longer and longer, the post- 
anal section of the ulimentary tract grows with it, without however under- 
going alteration in any of its essential characters. At the period of the 
maximum development, it has a length of about } of that of the whole 
alimentary tract. 

Its features at a stage shortly before the external gills have become 
prominent are illustrated Ly a series of transverse sectiona through the 
tail (fig. 424), The four sec- 
tions have been selected for 
illustration out of a fairly- 
complete series of about one 
hundred and twenty. 

Posteriorly (A) there in 
present a terminal vesicle 
(alv) -25 mm. in diameter, 
which communicates dorsally 
by a narrow opening with 
the neural canal (nc); to 
this is attached a stalk in 
the form of a tube, also lined 
by columnar epithelium, and 
extending through about 
thirty sections (B al). Its 
average diameter is about 
084 mm., and its walls are 
very thick. Overlying its 
front end is the subnoto- 
chordal rod (x), but this does 
not extend as fur back as the 
terminal vesicle. Fro, 424. Foun snctions ranovam THe rost- 

‘The thick-walled stalk of | 4NAL PART OF THE TAIL OF AN EMBRYO OF THE Silt 
the vesicle is connected with 8” 4* #10. 28 F. Po a 
the cloacal section of the ali- waist ee Sipenraa eS i 
mentary tract by n very nar. %- Rearal eanal; al. post-anal gut; afr. eauda 
row thin-walled tube (Ca), Yenele fzastenel guts sabntiehord rod: mp 
This for the most part has a aorta; v. cau, caudal vein,” te 
fairly uniform calibre, and a 
diameter of not more than -035 nm. Tts walls are formed of flattened 
epithelial cells. At a point not far from the cloaca it becomes smaller, 
and its diameter falls to 03 mm. In front of this point it rapidly dilutes 
again, and, after becoming fairly wide, opens on the dorsal side of the 
cloacal section of the alimentary canal just behind the anus (D ad). 

Very shortly after the stage to which the above figures belong, at a 
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In Ascidians this pit is on the dorsal surface (fig. 9, 0), and 
becomes the permanent oral cavity of these forms. In the larva of 
Amphioxus it is stated to be formed unsymmetrically (vide p. 5), but 
further observations on its development are required. 

In the true Vertebrata it is always formed on the ventral surface 
of the head, immediately behind the level of the fore-brain (fig, 426), 
es is deeper in Petromyzon (fig. 416, m) than in any other known 

orm. 

From the primary buccal cavity or stomodwum there grows out 
the pituitary pit (fig. 426, pt), the de- 
velopment of which has ly been 
described (p, 358). 

The wall separating the stomodwum 
from the mesenteron always becomes 
perforated, usually at an early stage of 
development, and though in Petromyzon 
the boundary between the two cavities 
remains indicated by the velum, yet in 
the higher Vertebrata all trace of this 
boundary is lost, and the original limits 
of the primitive buccal cavity become 
obliterate mules Besa : ase 
cavity, lined by Fin. 426, Lonorreprrat anc- 
partly beepivlart, Hascneaeabtinied rox THROUON ‘THe Bitate OF A 

; es earity, apart from the organs *°¥s* Paiwrrunca Exmnro. 
which belong to it, presents important 7 
variations in structure, In most, Pisces een ago jum; pt, 
it retains a fairly nae character, but ingrowth from mouth to form 
in the Dipnoi its outer boundary becomes jrinE'Ch, cecubellumy che hota. 
extended so as to enclose the ventral chord; al. alimentary traot; Jaa. 
opening of the nasal sack, which thence- artery of mandibular arch, 
forward constitutes the posterior nares. 

In Amphibia and Amniota the posterior nares also open well 
within the boundary of the buccal cavity. 

Tn the Amniota further important cl take place. 

In the first place a plate eon inwards from each of the supe- 
rior maxillary processes (fig. 4 ‘Ph and the two plates, meeting in 
the middle line, form a horizontal septum dividing the front part of 
the primitive buccal cavity into a dorsal respiratory section (n), 
containing the opening of the posterior nares, and a yentral cavity, 
forming the permanent mouth, ‘The two divisions thus formed open 
into a common cavity behind. The horizontal septum, on the de- 
velopment within it of an osseous plate, constitutes the hard palate, 

An internasal septum (fig. 427, e) may more or less completely 
divide the dorsal cavity into two canals, continuous respectively 
with the two nasal cavities. 

In Mammalia a posterior prolongation of the palate, in which an 
osseous plate is not formed, constitutes the soft palate. 
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The second change in the Amniota, which also takes place in 

some Amphibia, is caused by the section of the mesenteron into 

. which the branchial pouches open, be- 

coming, on the atrophy of these struc- 

tures, converted into the posterior part 
of the buccal cavity. 

The organs derived from the buccal 
cavity are the tongue, the various sali- 
vary glands, and the teeth; but the lat- 
ter alone will engage our attention here. 

ef sags Blidaea Max The teeth. The teeth are to be 
ane iat, Daan anerme regarded as a special product of the 
RUCCAL cavITY INTO THE KEsPr- Oral mucous membrane. It has been 
RATORY SECTION ABOVE AND THE shewn by Gegenbaur and Hertwig that 
Peay mew (From Ge- in their mode of development they es- 

p. palatine plate of superior Sentially resemble the placoid scales of 

maxillary process; m. permanent Elasmobranchii, and that the latter 

mouth ; 1. posterior part of nasal structures extend in Elasmobranchii 

Pamayes ¢inernasal sepinm. £74 certain distance into the cavity of 
the mouth. 

As pointed out by Gegenbaur, the teeth are therefore to be 
regarded as more or less specialised placoid scales, whose presence in 
the mouth is to be explained by the fact that the latter structure is 
lined by an invagination of the epidermis, The most important 
developmental point of difference between teeth and placoid scales 
consists in the fact, that in the case of the former there is a special 
ve tissue papilla whieh is not 












ingrowth of epiblast to meet a connec 
found in the latter. 





th are to be regarded as primitively epiblastic xtrue- 

vertheless found in Teleostei and ei on the hyoid. 

and very possibly the teeth ou e other parts of 
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and a connective tissue papil 
The general mode of development, as has been more espec 
by the extended researches of Tomes, is practically the same fo 
brata, aud it will be convenient to deseribe it as it takes place in Mam- 














malian, 


we Where the teeth are about to develop, ti 
ng into the subj 
(Ufrom the innermost columnar layer of the oral epith 
the points whi tooth ix about to be formed this ridge une 
changes Ltt the tirst place somewh ened by the d 
Ineut of a number of rounded cells in its inte so that it 
constituted of (L) an external Is, and (2) a central 
eo cells: both of an Th the second place 
the organ gradually assumes a deme f 4 1), and eu 
over a papilla of the subepithelial connective tissue (p) whieh has in the 
Incautine been developed, 
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THE STOMODBUM. 639 
From the above epithelial stracture, which may be ealled the enamel 
organ, and from the papilla it covers, which may be spoken of as the 


become established there is formed round the rudiment of each tooth a 
special connective tissue capsule; known ax the dental capsule. 

Before the dental capsule has become definitely ene the enamel 

rgan and the dental papilla mcrae imporeent changes. ‘The rounded 
epithelial cells forming the core 
enamel orgau undergo a peculiar sees 
mation into a tissue closely resembling or- 
dinary embryonic connective tissue, while 
at the same time the epithelium adjoining 
the dental papilla and covering the inner 
surface of the enamel organ, acquires a some- 
what different structure to the epitheliam 
on the outer side of the organ. Its cells 
become yery markedly columnar, and form 
a vory regular cylindrical epithelinm. ‘This 
layer alone is concerned in forming the 
enamel, The cells of the outer epithelial 
layer of the enamel organ become somewhat 
flattened, and the surface of the layer is 
raised into a series of short papille which 
project into the highly vascular tise of 
the dental sheath. Between the epithelium 
of the cnamel organ and the adjoining eon- 
nective tissue there is everywhere present 
a delicate membrane known as the mem- 
brana preformativa. 

‘The dental papilla is formed of « highly 
vascular core and a non-vascular sup 
layer adjoining the inner epithelium of the 
enamel organ, The cells of the superficial layer are arranged so as almost 
to resemble an epithelium. 

The first formation of the hard structures of the tooth commences at 
the apex of the dental papilla. A calcification of the outermost layer of 
the papilla sets in, and results in the formation of a thin layer of dentine. 
Nearly simultaneously « thin layer of enamel ix Cua over this, 
from the inner epithelial layer of the enamel organ (fig. 428). Both 
enamel and dentine continue to be deposited till the the « crown of the tooth 
has reached its final form, and in the course of this process the enamel 
organ is reduced to a thin layer, and the whole of the outer layer of the 
dental papilla is transformed into dentine—while the inner portion remains 
ns the pulp. 

The root of the tooth is formed Sree ous ae et Gio camel 
organ is not prok over this part, so that only formed of den' 

By the firma seg me Seat the crown of the tooth becomes 


ae and breaki: ia aoa ot of Ge the surface, 
‘The part of the aie surrounds root of the tooth gives rise 
to the coment, and becomes itself converted into the periosteum of the 


dental alveolus 
‘The general development of the enamel organs and dental papille ix 
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In Birds the formation of the proctodeum is somewhat more compli- 
cated than in other types, owing to the outgrowth from it of the bursa 
Fabricii. 

The proctodsum first appears when the folding off of the tail end of 
the embryo commences (fig. 429, an) and is placed near the front (originally 
the apparent hind) end of the primitive streak. Its position marks out 
the front border of the postanal section of the gut. 

The bursa Fabricii first appears on the seventh day (in the chick), as a 
dorsal outgrowth of the proctodreum. The actual perforation of the sep- 
tum between the proctodeum and the cloacal section of the alimentary tract 
is not effected till about the fifteenth day of foetal life, and the approxi- 
mation of the epithelial layers of the two organs, preparatory to their 
absorption, is partly effected by the tunneling of the mesoblastic tissue 
between them by numerous spaces. 

The hypoblastic section of the cloaca of birds, which receives the open- 
ings of the urinogenital ducts, is permanently marked off by a fold from 
the epiblastic section or true proctodeum, with which the bursa Fabricii 
communicates, 
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